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Designers of medium power transmitters will want 
to know more about the Ediswan ESA.2500. 
The Ediswan ESA.2500 is a forced air cooled 
triode designed for use as an R.F. Amplifier or 
Oscillator. The design of the valve is such that lead 
inductance is minimised and the valve is, therefore, 
particularly suitable for H.F. application. 


RATING 
Filament Voltage (volts) Vr 8.0 
Filament Current (amps) Ir 80.0 
Maximum Anode 
Voltage (volts) Va(max) 7,500 
Average Maximum Fila- : 
nn eS i} AVERAGE CHARACTERISTIC CURVES ji! 
Maximum Anode fr ifr A ; 
Dissipation (kW) Wa(max) 2.5 HH { HH Ht eaeees see: it 
Mutual Conductance it HH ieseea ee: 
(mA/V) gm agi 
Amplification Factor u * 55.0 
Anode Impedance 
(ohms) fa * 10,090 
Maximum Operating 
Frequency at full rating +40 Mc/s 
* Taken at Va=7,000v; 1g=400 mA. 
t At higher frequencies the maximum permissible 
anode voltages and inputs mu.t be reduced. 


REDIFON G.41. snort wave 
TRANSMITTER USES THE E.S.A. 2500 
IN MODULATOR AND OUTPUT STAGES 


This medium power short wave Transmitter 
can be used for Telegraphy, Telephony 
or Broadcast services in any part of the 
world. Power output is 5-7-5 kW on 
Telegraphy. Frequency range 2 to 23 Mc/s. 
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ANODE VOLTAGE IN kV 


EDISWAN 


INDUSTRIAL AND TRANSMITTING VALVES 


THE EDISON SWAN ELECTRIC CO. LTD. 
155 CHARING CROSS ROAD, LONDON, W.C.2 


Member of the A.E.1. Group of Companies 
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Financial Reports £14. 0s. 0d. per 
to: “ Electronic Engineering,” 28, Essex 


Street, Strand, London, W.C.2. 
month for insertion in the following issue. 


Advertisements must be received before the 4th of the 





OFFICIAL APPOINTMENTS 
ASSISTANT (SCIENTIFIC). The Civil Service 


Commissioners invite applications for pension- 
able posts. Applications may be accepted up to 
31st December 1955, but early application is 
advised as an earlier closing date may be 
announced either for the competition as a 
whole or in one or more subjects. Interview 
Boards will sit at frequent intervals. Age at 
least 174 and under 26 years of age on Ist 
January, 1955 with extension for regular service 
in HM. Forces, but candidates over 26 with 
tgp experience may be admitted. Candi- 

tes must produce evidence of having reached 
a prescribed standard of education, particularly 
in a science or mathematical subject. At least 
two years’ experience in the duties of the class 
gained by service in a Government Department 
or other civilian scientific establishment or i 
technical branches of the Forces essential in 
one of the following groups of scientific sub- 
jects:— (I) Engineering and physical. sciences. 
(II) Chemistry, bio-chemistry and metallurgy. 
(IID Biological Sciences. (IV) General (including 
geology, meteorology, general work ranging 
over two or more groups (I) to (III) and highly 
skilled work in laboratory crafts such as glass- 
blowing). Inclusive salary scale £262 (at 18) 
to £545 (men) or £457 (women). Starting pay 
up to £402 (men) or £357 (women) at 25. Some- 
what less in provinces. Opportunities for promo- 
tion, Further particulars from Civil Service 
Commission, Scientific Branch, 30 Old Burling- 
ton Street, W.1, quoting No. S 59/55. W 2999 


BRITISH ELECTRICITY AUTHORITY. East- 
ern Division. Applications are invited for the 
following Superannuable post in the Technical 
(Electrical) Department based at Ipswich. 
General Assistant Engineer (Telecommunica- 
tions) Salary Grade 6, £600 x £25—£725/£785 
per annum. Applicants should preferably 
ossess Higher National Certificate in Electrical 

gineering or equivalent qualifications and 
have considerable experience in the maintenance 
of automatic and line transmission telephone 
apparatus. Some knowledge of power super- 
visory systems and V.H F. radio would be an 
advantage. The duties will be concerned with 
the Authority’s telecommunications systems in 
East Anglia. Applications stating age, qualifi- 
cations and experience should be sent to the 
Controller, British Electricty Authority, Eastern 
Division, Northmet House, Southgate, N.14, 
within 14 days of the appearance of the 
advertisement. W 2992 


BRITISH EMPIRE CANCER CAMPAIGN. 
Electronics technician required to construct 
special apparatus for research and to assist 
with maintenance and operation of million volt 
electron accelerator. Age 22-35 preferred. 
Appointment will be either in the Technical 
Grade £470-£545, or in the Senior Technician 
Grade £570-£655, according to age and qualifi- 
cations. Apply to Director, Research Unit in 
Radiobiology, Mount Vernon Hospital, North- 
wood, Middlesex. W2 


ELECTRONICS ENGINEERS AND PHYSIC- 

S$ required for various posts in Research and 
Development Establishments of Ministry of 
Supply chiefly near Bournemouth, Hants; Mal- 
vern, Worcs; Farnborough, Hants; and London, 
.Q. Applicants who have, or expect to 
obtain Ist or 2nd class Honours Degree or 
equivalent may be considered for Scientific 
Officer class: Salary within range £467 10s.- 
£845 provincial (London rate £25-£40 higher). 

ose with lower qualifications, e.g., Pass 
Degree, H.N.C. Final C. and Cert., etc., 
minimum Higher School Certificate (Science) 
may be considered for Experimental Officer 
class; Salary according to age, experience, etc., 
within range E.O. Susie, age 26) £715-£880; 
Assistant E.O. £288 10s. (age 18)—£640_ pro- 
vincial (London rate £14-£40 higher). Salary 
tates for women somewhat less. S.S.U. 
Benefits may be available for S.O. class. Possi- 
bilities of promotion. Not established but 
opportunities to compete for establishment may 
arise. Application forms from -L.NS., 
Technical and Scientific Register (K), 26 King 
Street, London, S.W.1, quoting sei asa 
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ELECTRICAL ENGINEERS required for vari- 
ous Research and Development Establishments 
of Ministry of Supply at Farnborough, Hants; 
Malvern, Worcs; venoaks, Kent; Christ- 
church, Hants; and London H.Q. Applicants 
should have or be expecting to obtain a Ist 
or 2nd class Honours Degree or equivalent pre- 
ferably with experience in light electrical or 
electronic engineering fields. Initial appointment 
to Scientific Officer grade. Salary, according to 
age, experience, etc. within range £467 10s. 
-£845. (£25-£40 higher in London). Women 
somewhat less. Prospects of promotion. Not 
established but opportunities to complete for 
establishment may arise. F.S S.U. benefits may 
be available. Application forms from M.L.N.S. 
Technical and Scientific Register (K), 26 King 
Street, London, S.W.1, quoting D 63/5A. Clos- 
ing date 8 April 1955. W 2966 





ELECTRONIC ENGINEER REQUIRED for 
work with Research Unit of Medical Research 
Council. Duties: development of experimental 
electronic equipment, chiefly in audio-frequency 
range. Qualifications: H.N.C. Grad. I.E.E. or 
equivalent. Commencing salary in the range 
£600-£800 according to experience and qualifi- 
cations. The successful applicant would be 
required to join the Council’s superannuation 
scheme after a satisfactory probationary period. 
Apply to The Secretary, Otological Research 
Unit, Medical Research Council, National 
Hospital, Queen Square, W.C.1. WwW 





ESSEX EDUCATION COMMITTEE. 
East Technical College and School of Art, 
Longbridge Road, Dagenham. Required Ist 
September, 1955. Assistant Grade B for Radio 
and Television oo and Telecommunica- 
tions. Salary £525 x £25 to £820, plus Lon- 
don Allowance, with additions for approved 
experience, training and qualifications. Appli- 
cation forms (returnable within 14 days) and 
details from Clerk to the Governors. W 3032 


South- 


MINISTRY OF SUPPLY requires Radio/ 
Radar Technicians in Buckinghamshire to help 
equipment investigations and installation design 
of pulse and C.W. navigational aid systems 
and long distance and mobile radio installa- 
tions. Qualifications. British of British Parents. 
Recognized engineering apprenticeship or 
equivalent in radio industry. Experience with 
installations of type specified. H.N.C. or 

or appropriate City and Guilds or 
equivalent qualification desirable. Salary. Three 
grades within £535 (age 26)—£945 according to 
age and qualifications. Not established but 
opportunities to compete for establishment 
may arise. Application forms from M.L.N.S. 
Technical and Scientific Register, (K) 26 King 
Street, London, S.W.1, quoting D60/5A. 
Closing date 9th April, 1955. W 29 


MINISTRY OF SUPPLY requires Technical 
Authors at Chessington (also for posts (b) 
at Farnborough and Malvern), for blications 
dealing with all aspects of (a) mechanical and 
electro-n ical equip related to guided 
weapons or telegraphy, telemechanics and radio 
(Ref. D87/5A); (b) airborne/ground electronic 
equipment relating to radio communications, 
radio/radar control, search and navigation or 
guided weapons (Ref. D88/5A); (c) aircraft 
instruments, training aids and photographic 
equipment (Ref. D89/5A); (d) aircraft electrical, 
instrument and radio installations or ground 
servicing and test equipment (Ref. D90/SA). 
Qualifications: British of British Parents. Recog- 
nized engineering apprenticeship or eauivalent 
with AMICE or Mech.E. or E.E. or 
A.F.R.Ae.S. or H.N.C. or O.N.C. or equiva- 
lent. Experience: Posts (a) development or 
operation and maintenance of equipment con- 
cerned, and for guided weapons knowledge of 
servo-mechanisms and electronic devices desir- 
able: Posts (b) development or operation and 
maintenance of radio equipment: Posts (c) elec- 
trical and mechanical instruments particularly 
for aircraft, apprenticeship in instrument mak- 
ing preferred; Posts (d) appropriate experience. 
Except for (c) experience of writing or editing 





technical publications advantageous. Vacancies 
in three grades at salaries between £645 and 
£1,015, according to age and qualifications. 
Not established, but opportunities to compete 
for establishment may arise. Application forms 
from M.L.N.S.,_ Technical and _ Scientific 
Register (K), 26 King Street, S.W.1, ous 
appropriate reference. 2998 


MINISTRY OF SUPPLY invites applications 
for a limited number of Senior and Junior 
te ~paae + tenable for three years at the 
Radar esearch Establishment, Malvern, 
Worcs, commencing in Autumn, 1955. Candi- 
dates must be British subjects with normally 
either a First or Second class Honours degree 
in an appropriate subject and must be able to 
show evidence of a very high standard of 
ability in research. Exceptionally a candidate 
without the academic requirement, but who can 
produce evidence of outstanding ability in 
research may be admitted. Fellows will be 
allowed considerable choice of subjects within 
the fields of interest to the Establishment. 
These include experimental and_ theoretical 
research in low temperature physics, electrical 
and optical properties of semi-conductors, 
infra-red spectroscopy, microwave physics, and 
electronics. For Junior Fellowships candidates 
should have had at least two years’ post gradu- 
ate research experience and should preferably 
be aged 23-26; candidates for Senior Fellow- 
ships should have had at least three years’ post 
raduate research experience and should pre- 
erably be aged 26-30. Remuneration will 
depend on individual merit and will be between 
£950-£1,150 per armum for Senior Fellows and 
£600-£800 per annum for Junior Fellows. 
Successful candidates will have their 
appointments brought under F.S.S.U. At the 
expiry of a Fellowship a holder may be con- 
sidered for an established post at the Estab- 
lishment if he so desires. Application forms 
obtainable from the Director, Radar Research 
Establishment, Malvern, Worcs, to whom they 
must be returned by 15th April, 1955, to- 
gether with suitable _ testimonials acne | 
research ability, and, where possible, comes oO! 
candidates’ published papers. 3021 


NATIONAL INSTITUTE FOR MEDICAL 
RESEARCH, The Ridgeway, Mill Hill, N.W.7 
requires an Assistant for the Instrument Lab- 
oratory. Minimum qualification: G.C.E. ordin- 
ary level or equivalent with passes in English, 
Mathematics and Physics; experience of the pro- 
duction and experimental apparatus and some 
knowledge of electronics are desirable. Initial 
salary £450 plus London weighting of £20-£30 
depending on age. Three weeks holiday with 
pay. Established superannuated post after pro- 
bationary period. Excellent conditions. Apply 
in writing to Administrative Officer at above 
address. (Quote ref: AD/54). W 2989 





NORTHAMPTON POLYTECHNIC,  E.C.1. 
Department of Electrical Engineering. Required, 
Laboratory Technician. Post offers experience, 
training and education in all aspects of elec- 
trical engineering with light current or power 
specialization. Part time day education _ for 
Degree or H.N.C. Five weeks paid holiday 
annually. Salary: age 16 £3 13s. 6d. to £401 
p.a. at approximate age 26, plus supplement 
for certain qualifications. Pst superannuable. 
Applications to Head of Department. W 2923 


NORTHAMPTON POLYTECHNIC, London, 
E.C.1. Chief Laboratory Technician for applied 
physics required. Knowledge of Physics and 
laboratory and workshop experience necessary. 
Post involves assisting in development of lab- 
oratories and also some responsibility for junior 
staff. Preference given to man keen on con- 
tinuing his studies. Five weeks paid holiday 
ouneal. Superannuation scheme. Scale: £503 
by £25 10s. to £580 per annum. Apply by 
letter to the Secretary. W 2924 


UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, A.E.R.E., Harwell. Berks re- 
quires a Senior Experimental Officer in its 
Health Physics Division to direct a team en- 
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gaged in the calibration and maintenance of 
installed and portable electronic radiation moni- 
toring instruments used in the control of health 
hazards and in the development and construc- 
tion of small numbers of special health radia- 
tion instruments. He will also have to arrange, 
through Electronics Division, for the specifi- 
cation and supply of new health radiation 
instruments at A.E.R.E. Applicants should be 
at least 31 years of age, and possess minimum 
qualifications of Higher School Certificate, or 
equivalent qualifications. They should have had 
experience in the field of electronics. A know- 
ledge of methods of measurement 
of ionising radiation and experience of main- 
tenance work on electronic instruments would 
be an advantage. The successful candidate will 
be appointed according to age, experience and 
qualifications within the salary scale £1,090- 
£1,285 p.a., and will be required to join the 
Establishments contributory superannuation 
scheme. Applications should be sent to Estab- 
lishment’s Officer, United Kingdom Atomic 





Energy Authority, .A.E.R.E. Harwell, Berks, 
quoting 2/103/241. W 2928 
THE UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, Foulness, Essex re- 


quires Senior Scientific Officers or Scientific 
Officers as follows:— Post 1. (B214/WGE/42) 
To develop and use instruments to record 
ground shock from high explosives and Atomic 
Weapons. Minimum qualification is first or 
second class Honours Degree in Physics, prefer- 
ably with experience of accelerometers and elec- 
tronic transducers. Post 2. (A285/WGE/42) 
A Physicist or electronic engineer to devize and 
develop instruments to record air blast from 
high exp'osives and Atomic Weapons. Mini- 
mum qualification is first or second class 
Honours Degree in Physics. Experience of mag- 
netic tape recording techniques would be desir- 
able, but not essential. Applicants for the 
S.S.0. grade should have had some _ years 
appropriate post-graduate research experience. 
The salary ranges are Senior Scientific Officer 
£1,040-£1,205 (male) per annum and Scientific 
Officer £505-£905 (male) per annum. The 
Starting salary of a Scientific Officer is assessed 
according to age, qualifications and experience. 
The successful applicants will be required to 
join the Authority’s Principal Superannuation 
Scheme and contribute 6 per cent of salary. 
Application form from Senior Recruitment 
Officer, A.W.R.E. Aldermaston, Berks. Quote 
appropriate reference. W 2935 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY. Aldermaston, Berks. requires 
Senior Scientific Officers and Scientific Officers 
for mainly electrical engineering duties, special- 
izing in communications or electronics, inc!ud- 
ing the following items:— Spark discharge 
phenomena, radar circuits and measurements, 
high speed and short duration pulse circuits. 
high voltage techniques, pltra high frequency 
and very high frequency communication prob- 
lems, very wide band I.F. and video amplifi- 
cation telemetry. Applicants should have a first 
or second class Honours degree in electrical 
engineering or physics with a bias toward 
electronics. Previous experience in the above 
fields will be advantageous. For the SS.O. 
gtade some years appropriate post-graduate 
research experience is essential. Salary Ranges: 
Senior Scientific Officer £1,040-£1,205 (male) per 
annum. Scientific Officers £505-£905 (male) per 
annum. The starting salary of a Scientific Officer 
is assessed according to age, qualifications and 
experience. Successful candidates will be re- 
quired to join the Authority’s Contributory 
superannuation scheme. Housing accommoda- 
tion will be available within a reasonable period 
for married staff who live outside the radius 
of the Establishment’s transport facilities. Dur- 
ing this period lodging allowance may be pay- 
able to suitably qualified candidates. Successful 
applicants may be required to serve an initial 
period of detached duty at Fort Halstead, Kent. 
Send postcard for application form to Senior 
Recruitment Officers, A.W.R.E., Aldermaston, 
Berks. Quote Ref: 537/WGE/42. W 3020 
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THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, invites applicants for st of 
Deputy Chief Engineer at the Atomic Weapons 
Research Establishment, Aldermaston, Berks. 
Applicants should have a wide knowledge of 
the design and development of complex experi- 
mental equipment for service use. They must 
Possess a comprehensive knowledge of running 
a large engineering team, in close collaboration 
with scientists. Some knowledge of electronics 
and experience in the handling of explosives 
are desirable. The post would entail the 
——— of the following branches: mechani- 
cal engineering, electronic engineering, plan- 
ning and maintenance of buildings and a 
design office. A comprehensive service on all 
design work in addition to maintenance and 
general engineering will have to be rendered. 
Applicants should have a Degree in engineering 
or equivalent qualifications and must have had 
previous experience of handling large numbers 
of qualified engineers and industrial staff. There 


is a contributory pension scheme. Applica- 
tions to J. . Dolphin, Chief Engineer, 
through Chief Personnel Officer, W.R.E., 
Aldermaston. Berks. W 3034 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston. Berks, requires an 
Engineer (Basic Grade) or Experimental Officer 
to assist in the planning and execution of over- 
seas trials of atomic weapons. This will involve 
the co-ordination of the engineering effort in- 
volved in the installation of test structures re- 
guired by the various participating organiza- 
tions. For an Engineer (Basic Grade) post, 
app'icants should have served a_ recognized 
engineering apprenticeship and either be cor- 
porate members of one of the institutes of 
Civil, Mechanical or Electrical Engineers, or 
have ——s qualifications. The salary scale 
is £695-£1,065 (male) p.a. For an Experimental 
Officer post, the minimum qualification is 
Higher School Certificate or equivalent, or 
Higher National Certificate in Physics or Civil 
Electrical or Mechanical Engineering. Civil and 
Mechanical engineering experience in the field. 
and experience in planning installations for field 
trials is desirable. The salary scale (minimum 
age 26) is £775-£945 (male) p.a. The successful 
applicant will be required to join the 
Authority’s Principal Superannuation Scheme 
and contribute 6 per cent of salary. Housing 
will be available within a reasonable period for 
married officers who live outside the radius of 
the Establishment’s transport facilities. During 
this period lodging allowance may be payable 
to suitably qualified candidates. Application 
form from Senior Recruitment fficer, 
A.W.R.E., Aldermaston, Berks. Quote Ref. 
532/WGE/42. W 3011 





UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY. A specification writer for Air- 
borne Service Electronic Equipment is required 
at the Atomic Weapons Research Establish- 
ment, Aldermaston, Berks. The successful 
applicant will be in charge of a small group 
of Specification Writers. Applicants should 
have served a recognized engineering appren- 
ticeship or have had equivalent training and 
experience in E'ectrical or Electronic Engineer- 
ing. Experience in testing prototype and/or 
initial production electronic equipment and in 
specification writing is desirable. The post is 
in the Technical Class and the salary scale 
is £830 rising to £1,015. The successful candi- 
date will be required to join the Authority’s 
Superannuation Scheme and contribute 6 per 
cent of his salary. Housing accommodation will 
be available within a reasonable period for 
married officers who live outside the radius 
of the Establishment’s transport facilities. It 
may be necessary for a short period of out- 
station duty to be served at Fort Halstead, 
Kent. Application form from Senior Recruit- 
ment Officer, A.W.R.E., Aldermaston, Berks. 
quoting reference 302/WGE/42. W 2946 


UNIVERSITY OF CAMBRIDGE, Department 

of Physical Chemistry. A Research Assistant 

is required in the Research re ene on the 
0! 


Physics and Chemistry of Surfaces for work 
involving the maintenance, application and 
2 


development of an electron microscope and 
diffraction camera, used in the research Pro- 
gramme of the Laboratory. Applicants should 
have a good technical qualification or scien. 
tific training and preferably some experience 
of vacuum technique or electronics. The ‘. 
tion is unestablished and the salary wil bs 
about £400 p.a. Applicants should submit a 
brief account of their experience and qualifj- 


cations, mentioning age, to the retary, 
P.C.S. Laboratory, Department of Physical 
Chemistry, Free School Lane, 


Cambridge. 
W 2929 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, requires a 
number of Design Engineers to lead groups en- 
gaged upon the design and development of elec- 
trical / electronic engineering requirements. 
Applicants should possess a Degree, prefer- 
ably with Honours, in Electrical Engineering or 
Electrical (Telecomms.) and have had consider- 
able workshop experience. They should have 
had a number of years’ experience in electrical/ 
electronic design, and should have been in con- 
trol of complete projects, and have carried 
them through to the final stage. A high 
standard of technical judgment is essential and 
initiative, drive and adaptability is required. 
The salary will be up to £1,5 per annum 
(male) according to qualifications and experi- 
ence. Successful candidates will be required to 
join the Authority’s contributory superannua- 
tion scheme. Housing accommodation will be 
available within a reasonable period for 
married staff who live outside the radius of 
the Establishment’s transport facilities. Send 
postcard for application form to _ Senior 
Recruitment Officer, .W.R.E., Aldermaston, 
Berks. Quote Ref. 566/WGE/42. W 3033 





TRINITY HOUSE, LONDON. Radio Mainten- 
ance Assistants wanted:— Radio Maintenance 
Assistants are required to maintain radio and 
radar equipment in shore stations and _ ships. 
Candidates must possess a knowledge of the 
fundamental principles of radio and radar and 
must have had practical experience in_ the 
maintenance and use of such equipment They 
should be medically fit and of British Nation- 
ality. Some of the appointments are permanent 
and pensionable subject to one year’s proba- 
tion. Salary scales £565 rising to £695 (mini- 
mum linked to age 26) or £452 10s. rising to 
£610 (minimum linked to age 25) depending on 
qualifications and experience. Applications to 
be made in writing to The Secretary, Trinity 
House, London, E.C.3, not later than 18th 
April 1955 stating age, present occupation, 
qualifications, experience and enclosing copies 
of testimonials. W 305 


UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, requires a Tech- 
nician to be responsible to a Senior Engineer 
for the efficient operation of a group of work- 
shops engaged on the manufacture of a wide 
range of experimental electronic equipment. 
Applicants should have served a recognized 
engineering apprenticeship. Previous experience 
in both mechanical precision instruments (e.g., 
light machining, fitting and sheet metal work) 
and electronic work (e.g., wiring and assembly, 
transformer winding) associated with the small 
quantity production of electronic equipment is 
essential. Previous experience with plastics as 
applied to electronic work would be an advan- 
tage. Possession of Higher National Certificate 
or equivalent qualification is desirable. Salary: 
£830 to £1,015 (male). The successful candidate 
will be required to join the Authority’s Super- 
annuation Scheme and contribute 6 per cent 
of salary. Housing will be available within a 
reasonable period of time for the selected 
candidate who is married and lives outside the 
radius of the Establishment’s transport facili- 
ties. During this period, lodging allowance may 
te payable to suitably qualified candidates 
Application forms from Senior Recruitment 
Officer, A.W.R.E., Aldermaston, Berks, quoting 
reference 528/WGE/42. W 2982 
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World-wide testimony 


EVERY CLAIM we have made for these remarkable units 
has been substantiated by users and experts (including 
F, J. Camm, John Gilbert, P. Wilson, H. J. Barton- 
Chapple and, L. Ormond Sparkes)— they have 
produced the largest volume of unsolicited testimony 
ever known in the history of loudspeaker manufacture. 





From every part of the world we are told that the 
quality of reproduction is unrivalled except at many 
times the price — that these units have enabled everyone 
to enjoy High Fidelity at realistic cost. 


| Weare truly grateful for this amazing response. 


Points to note: patented Cambric Cone, high flux 
| density Alcomax magnet, die-cast chassis, Universal 
| impedance speech coil (at 3, 7.5 and 15 ohms) on 
8, 9 and 10 inch models. 

Prices from 37/6 to £9.15.6 (tax paid). 


| Ready-to-assemble Bass Reflex Console Cabinet for 10” or 12” unit, £10.10.0. 
| Corner Console Cabinet for 8” unit, £5.10.0. 


Write for leaflets, or see and hear them any Saturday betweeen 9 a.m. 
and 12 noon at our London Office, 109 Kingsway, W.C.2. 


—Mentorian mice mits 


WHITELEY ELECTRICAL RADIO CO. LTD, MANSFIELD, NOTTS 


Prov. Pateni 
10037/53 











type 3PLI81-H blowe 
AM. Type 13. Stores Ref : 
5UD/6204. 


You are invited to 
write for full specifications 
and performance curves of the 
wide range of Plannair Axial Flow 


Blowers designed for a variety 


of airborne, marine and : Be type 2PL81-H blower 
: A.M, Type 12A, Stores Ref 
5UD/6205 


ground applications. 


ULE Dee CLL 


PLANNAIR LIMITED WINDFIELD HOUSE LEATHERHEAD SURREY TEL LEATHERHEAD 4091/2231 


TELEGRAMS & CABLES: PLANNAIR LEATHERHEAD FACTORY: GOBLIN WORKS capi aceite 
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UNIVERSITY COLLEGE OF NORTH 
WALES. Applications are invited for the post 
cchnician in the Department of Applied 
Electricity. Salary £340 by annual increments 
of £15 to £415 (efficiency bar) then £440 by 
£20 to £480 f annum. Experience in the 
servicing of electronic apparatus is desirable. 
Applications giving particulars of age, experi- 
ence, etc., and the names and addresses of 
two referees should be sent to reach the 
Registrar, University College of North Wales, 
Bangor, not later than Monday, 16th a, =; 
9 


VACANCIES IN GO 
at Cheltenham. 1. Saece 


‘heen coreg : 

" Instrument Makers with 

fitting and machine shop rience in light 

engineering. 2. Teleprinter, Radio and - 

Se or ee Assembler Testers with 
o unicati ipment. 

net ow: £7. 7s. 10d. sok oer . 


plus merit pay up to 
. assessed at interview, based on ability 
and experience. Opportunities for permanent 


and pensionable posts. Apply in writing only, 
te sa particulars to Personnel Officer, 

.C.H.W. (Foreign Office), 53 Clarence Street, 
Cheltenham. W 3029 


WIRELESS STATION SUPERINTENDENT re- 
on the Posts and Telecommunications 

it Gold Coast Local Civil Service, for 
two tours of 18 to 24 months in the first in- 
stance. Consolidated salary scale £990 rising 
to £1,230 a year. Gratuity at the rate of £100/ 
£150 a year. Outfit allowance £60. Liberal 
leave on full salary. Free passages. Candi- 
dates should possess C. and Gds. Final Certi- 
ficate in Telecommunications (Radio) or C. and 
Gds. Certificates Radio III and IV equivalent, 
and have had three years’ experience in two 
Or more of the following fields: V.H.F. link 
systems; H.F. communications systems; Fre- 


quency shift os | and Ne a pe mainten- 
ance; V.H.F. and H.F. Cathode Ray Direction 
finding systems; Aeronautical navigation aids 
(ground); Manufacture of light engineering 
wipment. Candidates from the British Post 
Office should apply through departmental chan- 
nels, Write to the Crown Agents, 4 Millbank, 
jon, S.W.1. State age, name in block 
letters, full qualifications and experience and 
quote M2C/29100/EK. W 2962 





SITUATIONS VACANT 
The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





A DRAUGHTSMAN preferably under 30 years 
of age, with experience of light electro- 
mechanisms, instruments, or both is required 
for a small team engaged in the design and 
manufacture of al purpose apparatus. A 
sound of workshop experience is 
essential. appointment is at the applica- 
tional research centre of a Major Oil Company 
near Chester. Starting salary wen sang age 
and experience. Attractive Pension Benefits. 
Write giving full details to Box ZV, 707 

’s Advertising, 36 Leadenhall Street. 
London, E.C.3. W 2843 


A. H. HUNT (CAPACITORS) LIMITED re- 
quire engineers for design and development of 


Paper, mica and ceramic capacitors. Applicants 
should have previous training in_ electrical 
at least to intermediate B.Sc. 


engineering 
standard. Apply Personnel Manager, A. H. 
Hunt (Capacitors) Limited, Bendon Valley, 
Garratt Lane, Wandsworth, S.W.18. W 212 


A GRADUATE PHYSICIST is required to 
work on the measurement of the fundamental 

ies of a wide range of semi-conductor 
materials. The work involves the development 
ef original methods and equipment. Previous 
experience in the field would be advantageous, 
but is not essential. Box No. W 2921. 


AIRCRAFT ELECTRICAL DESIGN 
DRAUGHTSMEN required. Excellent oppor- 
Ce i og nll a Aly am 
t, Vickérs-Armstrongs Ltd., Hu 
Park, Nr. Winchester. W 2849 


AIRCRAFT RESEARCH ASSOCIATION 
LTD. Instrumentation Engineers. Vacancies 
exist in a team now being established for the 

ign installation and operation of a scheme 
of automatic instrumentation for a new 
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wind tunnel. A variety of new measurement 
problems are being undertaken and the posts 
offer scope for originality and inventiveness. 
Applications are invited from:— (A) Young 
Graduates (or H.N.C. or equivalent) in Elec- 
trical En; ri or Physics. Prepared to be 
responsible for design, development and manu- 
facture of electrical and electro-mechanical 
instrumentation. (b) Engineers with National 
Certificate or similar qualifications in Electri- 
cal, Radio or Telecommunication Engineering 
to participate in development, calibration and 
operation of instrumentation schemes. (c) 
echanics, Servicemen or Wiremen to under- 
— By construction and aeeeaaate pe me ectri- 
cal measuring apparatus. Relevant 
in the fields of Electronics, Telemetry, Com- 
— Telephone Practice, Servos, etc. will 
an advantage but is not essential. Good 
rag = os Pension Scheme. Apply in writing 
to ief Executive, Aircraft Research Asso- 
ciation Ltd., 33 Midland Road, Bodiort. 399 


A JUNIOR PROJECT ENGINEER required 
by expandi Company having established 
development and production interests in audio 
and precision electro-mechanical fields and con- 
sidering new industrial electronic products. 
HNC desirable although not essential, but the 

S applicant must have three years’ 
experience of laboratory or test work, ability 
to analyse circuit requirements into a sound 
choice of components, and a general know- 
ledge of basic electronic circuitry and equip- 
ment construction methods. Good progressive 
salary and pension scheme offered. estern 
London area. Applications should give full 
details of age, training and experience. Box 
No. W 3019. 


A LARGE AND WELL ESTABLISHED 
Engineering Company situated in the East 
London area require tool designers and 
draughtsmen. Applicants should have had _ tool- 
room apprenticeship or equivalent, followed 
by experience on first-class tool design work 
in the light mechanical and electrical fields. 
Applications are invited from men of suffici- 
ent experience and ability to justify very good 
salaries. Excellent working conditions, and 
staff pension scheme in operation. Please 
write, in_contidence, ogiine details of experi- 
ence to Box No. W 2945. 


A LIGHT ENGINEERING CO., in West 
London has vacancies for Engineers and 
Physicists in their Magnetic Recorder Design 
Laboratory. Preference will be given to appli- 
cants experienced in this work and who are 
capable of accepting responsibilty. Salary will 
be according to age and experience. Write 
gon age and fullest details of experienc to 
x No. W 2948. 
AMBITIOUS AND ENERGETIC ENGINEERS 
are invited to apply for the following posts:— 
1. Senior position for a competent valve 
engineer to study and advise on the use and 
application of valves in a wide range of elec- 
tronic equipments. and to liaise with valve 
manufacturers. Applicants must have experi- 
ence suitable for the position, and a sound 
knowledge of microwave valves. 2. Senior 
Microwave Engineers for development of 
microwave components and aerials. Qualifica- 
tions and experience essential. 3. Senior Engin- 
eers capable of conirolling a project from 
**‘bread-board” to production. Applicants must 
have at least three years’ development experi- 
ence. These posts are for permanent pension- 
able staff in a rapidly expanding Development 
Division offering unique opportunities for ad- 
vancement to those who are prepared to work 
hard and produce results. rite to: Chief 
pornumes pega. Decca Radar Ltd., 9 
Davis Road, Tolworth, Surrey. W 3001 


AN ELECTRONIC or Electrical Engineer aged 
between 25/40 years of Degree standard, is 
required to take charge of the Electrical Deve- 
lopment Laboratory in an old-established Com- 
pany engaged in the mass production of elec- 
trically operated clockwork mechanisms. The 
position offers a wide scope to one possess- 
ing the initiative to expand the work along 
numerous channels. Modern factory situated 
in Somerset. Every assistance given with ob- 
taining accommodation. Write giving full and 
complete details of qualifications, experience, 
salary envisaged to Box No. W 1297 


APPARATUS ENGINEERS. Standard Tele- 
phones & Cables Ltd., have vacancies for 
Apparatus Engineers in the fields of Electro- 
Acoustics telephone exchange switching appara- 
tus and electronics switching designs and 
developments. The work is varied and involves 
carrying through designs and developments to 
the production stage together with associated 
laboratory and investigational work. An en- 


ewe or physics Degree is desirable, but 
.N.C. standard will be considered. Salaries 
will be paid according to age, qualifications and 


ence. Write in confidence giving full 
Personnel Manager, Onkacigh 
W 3017 


iculars to 
oad, New Southgate, N.11. 
ASSEMBLER /FITTER, aged 21-30, experi- 
enced precision electro mechanical gescrsbly. 
Full details L.M.K. Manufacturing Co. Ltd., 
Harlequin Avenue, Great West Road, Brent- 
ford, Mdx. W 1312 


ee ie meee en on oe 
‘or nsible on 
Cassie Telephony Radio Links. }. 
have a cig engineering or science 
Degree, or equivalent qualifications and at least 
five ” experience in a similar post. Appli- 
cations should be addressed to Personnel 
Department, S.C.E., Murphy Radio Ltd. 
Ww Garden City. Ww 3014 


A SENIOR ENGINEER is required for a 
responsible post on design of Communications 
Receivers and Low Power V.H.F. R/T Equip- 
ment. Applicants should have a good engineer- 
ing or science degree, or equivalent qualifications 
and at least five —_ experience in these 
fields in responsible positions. Applications 
should be addressed to Personnel Department, 
S.E., Murphy Radio Limited, Welwyn Garden 
City. W 3013 


ASSISTANT TO THE CHIEF ENGINEER re- 
quired by an established instrument company 
in the Home Counties, now pioneering new 
devel ts in the field of electronic techno- 
logy. ile academic qualifications are not 
essential, applicants should have a sound 
theoretical training and considerable practical 
experience. The salary will be according to 
experience—£1,200 per annum is one. 
There is a pension scheme. Box No. W tS 


A TRANSISTOR CIRCUIT ENGINEER is re- 


quired in the Transmission Laboratory for ~ 
development work on testing apparatus. Excel- 
lent opportunity for a quailifi Physicist or 


mathematician interested in the application o 
semi-conductors. Previous pe agg is desir- 
ry 


able but not essential. Apply, Ps details 
of qualifications, experience and salary re- 
Standard 


uired to the Personnel Manager, 
telephones & Cables Ltd., Corporation Road, 
Newport, W 1314 


Mon. 





AUTOMATIC TELEPHONE & ELECTRIC 
CO. LTD. Liverpool, . Communication 
Engineers and Draughtsmen, The expanding 
programme of the Transmission Department 
Offers vacancies in both senior and junior cate- 
ories for Line Transmission Laboratory 
gineers, and — Design Engineers, 
and also for Draughtsmen with experience in 
telecommunications or light current engineer- 
ing. Specialist experience in any branch of 
Line Frenseniadon Engineering is desirable for 
some of the posts. Positions offered are on 
the Company staff with contributory Pension 
Fund and usual staff conditions. Applicants 
should write to Personnel Manager, Auto- 
matic Telephone & Electric Co. Ltd., Strow; 
Works, Edge Lane, Liverpool, 7, givi 
details of age, qualifications and =p. 





AUTOMATIC PROCESS CONTROL. Im- 
perial Chemical Industries Limited is about to 
expand its Central Instrument Laboratory, 
which will shortly have new accommodation 
in the Pangbourne area. The Laboratory has 
the responsibility of studying the fundamentals 
of automatic process control, and of carrying 
out research on control equipment and the 
lant design factors which determine control- 
ability. The work is the responsibility of a 
number of teams devoted to the study 

particular aspects, such as plant character- 
istics, individual processes, computors suitable 
for process control, complex control systems, 
control criteria, etc. There are vacancies in 
these teams for Chemical Engineers, Electrical 
and_ Electronic Engineers, Physicists _ and 
Physical Chemists. Applicants with suitable 
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SITUATIONS VACANT (Cont‘d.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 

inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
ts excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 





experience and qualifications will also be con- 
sidered to fill one vacancy as a team leader. 
In addition, men (preferably over 35) with 
outstanding experience in any of these fields, 
are required to fill three senior posts, for 
which the salaries will be commensurate with 
the experience required. Application forms 
may be obtained from the Head Office and 
Regions Staff Department, Imperial Chemical 
Industries Limited, I.C. House, Millbank, 
S.W.1. W 3039 


AUTOMATION ENGINEERS required for a 
new Development Section. Vacancies exist for: 
1. Project Engineer, responsible to the Section 
Head for engineering from the mock up stage 
and liaison with customers, Ministries, sub- 
contractors and own development sections. 
Electrical Engineering apprenticeship with 
electronic experience and A.M.I. or 
H.N.C. preferred. 2. Electronic Development 
Engineer with previous laboratory experience 
in oto-electrics and servo-mechanisms. 
O.N.C, or equivalent. 3. Design Draughtsman 
with electro-mechanical experience. Good pros- 
pects, salaries commensurate with qualifica- 
tions and experience. Apply Personnel Mana- 
ger, Electronics Division, Hi'ger & Watts Ltd.. 
48 Addington Square, London, S.E.5. W 2995 


A VACANCY EXISTS for an_ E'ectronic 
Instrument Development Engineer in the Tele- 
communication Laboratory of British Insu- 
lated Callender’s Cables Ltd., at Kirkby. near 
Liverpool. Candidates should hold a Degree 
in Physics or Engineering and have previous 
experience in the design and development of 
Electronic Instruments. Some experience of 
servo-mechanisms would be an _ advantage. 
Applications quoting reference P/60/54 should 

addressed to: The Staff Officer, B.I.C.C 
Ltd., Prescott, Lancs. W 2931 


A WELL-KNOWN tesearch institute requires 
an electrical engineer with university training 
and experience of servo-mechanisms on ana- 
logue computors. Salary commensurate with 
age and experience. Box No. W 1294. 


BELLING & LEE LTD. wish to engage a 
young graduate electronics engineer with ex- 
perience of V.H.F. receiver layout and circuit 
design, the work being in connexion with the 
development of measurement apparatus for 
their television aerial laboratory, and com- 
munal broadcast and television amplifiers: 
ritish nationality essential: contributory pen- 
scheme. Applications (which will be 
treated in confidence) stating age, experience 
and salary required to the Secretary, Great 
Cambridge Road, Enfield, Middlesex. W 1296 


BTH RESEARCH LABORATORY requires 
engineers with a Degree or national certificate 
in electrical engineering who are interested 
in light current or radio, for testing high 
power microwave valves, and for the design 
construction, and maintenance of electrical 
pulse test equipment, including modulators, 
cathode ray oscillographs and automatic con- 
trol circuits. The work in any one of these 
fields is varied and interesting, and will be 
carried out in co-operation with a team en- 
gaged in research on microwave valves. Appli- 
cation should be made to the Director of 
Research, British Thomsoon-Houston Co. Ltd., 
Rugby, quoting reference DR3, and _ giving 
age, qualifications and experience. W 2974 


BTH RESEARCH LABORATORY requires 
honours graduates in physics or electrical 
engineering to og a section engaged in the 
development of microwave electronic valves. 
The vacancies are in a group whose primary 
function is to investigate the fundamental 
operating mechanisms of established devices 
such as magnetrons and klystrons and to evolve 
new types of microwave oscillator. Successful 
applicants will be required to show initiative 
and ability to a standard corresponding to work 
leading to a post graduate degree; they will 
work in a new laboratory, exceptionally well 
equipped, and provided with adequate con- 
structional and general engineering facilities. 
Applications should be made to the Director 
of Research, British Thoms2n-Houston Co. 
Ltd., Rugby, quoting Ref. DR2 and_ giving 
age, qualifications and experience. W 2975 


ELECTRONIC ENGINEERING 


BUSH RADIO LTD. require Senior and Junior 
Engineers in their Laboratories at Chiswick, 
Kew and Plymouth. Applicants should prefer- 
ably hold a Higher National Certificate, B.Sc. 
Engineering or Physics or equivalent qualifi- 
cations. Experience in the following fields of 
development would be an _ advantage:—- 
Domestic Radio or Television, Electronic Equip- 
ment for Aircraft, Communication Receivers, 
Pulse Circuits and Micro-Wave Techniques 
Write giving full details and salary required 
to the Chief Engineer, Power Road, Chiswick, 
W.4. 2955 


CANADA NEEDS ELECTRONIC ENGIN- 
EERS. Measurement Engineering Ltd., with 
expanding business in Electronic Instrument 
field, offer generous salary, excellent prospects, 
to keen man capable of starting and taking 
charge of a section to handle Magnetic Ampli- 
fier Design. Applicants must be Physics or 
Engineering graduates with several years’ indus- 
trial experience, including two years on mag- 
netic amplifiers. The location is Ontario, within 
easy reach of Chalk River and Ottawa. Inter- 
views London (England). Box No. W 1286. 


CHEMISTS AND PHYSICISTS required for 
the preparation and evaluation of luminescent 
materials for use in a new project. Men of 
graduate standing with relevant experience are 
needed. Salary in accordance with aqualifica- 
oe... Location near Northampton. Box No. 


CHIEF MAINTENANCE ENGINEER required 
to direct a team working on Development 
Equipment associated with Trials Programmes 
on Radar Projects, and to work in association 
with development groups and services represen- 
tatives. Applicant should Peay have had 
considerable experience of Radar i ment 
and possess a Degree, Higher National Certifi- 
cate or equivalent qualification. Residence in 
the Midlands is desirable but not essential and 
> must be prepared to travel occasion- 
ally. Reply stating age and experience to the 
Personnel Manager, The General Electric Co. 
Ltd. Brown’s Lane, Allesley, Coventry. W 2943 


COMPUTORS. Decca Radar Limited invite 
app'ications from Electronic Engineers and 
Mathematicians with an interest in Computor 
development and system engineering. The posts 
are permanent and a pensions scheme is in 
operation. Excellent starting salaries on a 
rising scale are available to successful appli- 
cants. The prospects of advancement are high. 
British Nationality essential. Reply to Research 
Director, Decca Radar Limited, 2 Tolworth 
Rise, Surbiton, Surrey. W 3028 


DESIGN-DRAUGHTSMAN (Mechanical) for 
important, well-paid, pensionable position con- 
cerned with specialized production machines, 
including automatic, mechanized equipment. 
Machine-tool experience helpful but energy 
and initiative are principal qualifications. Apply 
in writing giving age and career details to 
Personnel Officer, Induction Heating Division, 
Birlec Limited, Tyburn Road, ed 


DESIGNER DRAUGHTSMAN required for 
design and development of test gear to meet 
production demands of Thermionic Valves and 
Cathode Ray Tubes. Applicants should have 
good mechanical knowledge, with previous ex- 
perience in mechanical and electrical inter- 
locks, component layouts for Power Supply 
Units up to 50 KV 50 cycles and R.F. or 
Induction Heaters. Housing facilities available 
near factory area. Write stating age and full 
details of previous experience and _ technical 
training to The Edison Swan Electric Co. 
Ltd., Eastern Industrial Area, Harlow New 
Town, Essex. W 2972 


DESIGNER DRAUGHTSMEN with _ sound 
experience of Presision Mechanical or Electro- 
Mechanical Equipment and holding the H.N.C. 
required on important work in the London 
area by Large Engineering Company. Salary 
in £606 / £800 year range to successful appli- 
cants, together with a living allowance if com- 
ing from outside the district. Positions are 

rmanent and Pensionable. Please write giving 
ull particulars of experience and qualifications 
to Box No. W 1291. 


DEVELOPMENT ENGINEER. Muirhead & 
Co. Ltd., Beckenham, Kent, have a vacancy 
for Physicist or Electrical Engineer (with 


degree or similar qualifications) on the devel- 
opment of data transmission devices, minia- 
ture motors and ‘instrument servo mechan- 
isms. Salary according to experience. Pension 
Scheme. Apply in writing to Personnel 
Manager. W 2994 


DEVELOPMENT ENGINEERS with communi- 
cauon or e.ectronic engineering qualifications 
and some practical experience are required for 
interesting work on cathode-ray oscillographs 
and associated equipment at our new Labora- 
tories. Salaries £400-£800 depending on age 
and qualifications. Write giving full details to: 
Southern Instruments Ltd.. Oscillograph Divi- 
sion, Camberley, Surrey. W 1245 


DEVELOPMENT ENGINEERS. Qualified men 
with experience, interested in the design and 
development of domestic Radio and Televi- 
sion Equipment, are offered interesting and 
progressive work in this Field. Situated in 
Midlands. Applicants. should write stating 
qualifications and experience io The Personnel 
Manager (Ref. GLB.) Box No. W 2770. 


DEVELOPMENT ENGINEERS. The British 
Tabulating Machine Co. Ltd., Letchworth, 
Herts, manufacturers of Electro-mechanical 
and E'ectronic punched card accounting and 
statistical machinery, has vacancies for Gradu- 
ate Engineers and men of H.N.C. Standard 
who have completed their National Service, on 
interesting Electro-Mechanical Design and 
Development work. Previous shop and design 
experience preferred. Salary according to ex- 
perience and qualifications. Pension and Sick 
Pay Schemes are in — Write giving 
ersonal particulars to Personnel Officer. (ref. 
628E). W 2926 


DRAUGHTSMAN _ required for detailing 
mechanical and electrical assemblies. Must be 
capable of reading electronic circuits. Appli- 
cants with any previous experience on Sheet 
Metal Cubicles, H.V. Power Supply Units, 
Induction Heaters or Radio and Television 
layouts should write stating age and full details 
of previous experience and technical training. 
Housing facilities available near factory area. 
The Edison Swan Electric Co. Ltd., Eastern 
Industrial Area, Harlow New Town, Win 


973 
DRAUGHTSMEN. An expanding production 
rogramme has created a number of vacancies 


or Mechanical Designers, Senior Draughtsmeu 
and Detail Draughtsmen. Situated in the Mid- 
lands. The work involves the complete engin- 
eering of electronic apparatus for Government 
Contracts and of domestic Radio and Tele- 
vision equipment. Applicants interested in this 
type of work, with or without experience, are 
invited to apply, giving details of career and 
salary expected to the Personnel Manager. 
(Ref.GLB) Box No. W 2996. 


DRAUGHTSMEN experienced in Broadcast 
Radio and Television are offered exceptional 
opportunities with a firm of repute in the 
London area. Experience in Production Draw- 
ing or Mechanical Design would qualify for 
a very attractive starting salary. Applications, 
which will be treated in strict confidence, 
should give full details of experience and 
should be addressed to Box No. W 2969 


DRAUGHTSMEN: Vacancies for senior 
draughtsmen with experience of Electronic 
and/or Electro-mechanical engineering required, 
a. with experience of Ministry require- 
ments. Excellent prospects with good commenc- 
ing salaries; non-contributory Pension Scheme 
in operation. Applications will be treated in 
strict confidence and should give full chrono- 
logical details of qualifications, experience and 
age to: John A. Smith Ltd., 24 Lichfield Street, 
Wolverhampton. W 201 


EDISON SWAN ELECTRIC COMPANY 
LIMITED, have a vacancy for an engineer to 
take charge of their Special Products’ Develop- 
ment Laboratory. Candidates should have an 
Engineering Degree or its equivalent, and 
should have experience in developing electronic 
equipment ready for factory production. Please 
write full particulars, including age and salary 
required, to 155 Charing Cross Road, London, 
W.C.2. Reference KS. W 184 


ELECTRICAL/ELECTRONIC ENGINEER. 
Vickers-Armstrongs Limited, Supermarine 
Works, require for employment at their experi- 
mental Airfield, graduate with research and 
development experience in electronic and elec- 
tromechanical devices and/or recording equip- 
ment for interesting work on ground and air- 
horne measuring apparatus; the right man for 
this post will be keen to suggest and assess new 
techniques and to design and engineer suitable 
and workmaniike equipment. Permanent pen- 
sionable post with good prospects for suitable 
engineer. Apply Personnel Department, 
Hursley Park, Nr. Winchester. W 2856 
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Robert the Bruce took a tip from the spider. When it comes 
to a tight-woven web, many of the little monsters could pick up an 
: idea or two from Dr. Frittertime. Threading a tortuous path from 
4 project to project, his lightning switches of emphasis are the 
dismay of his staff, and cause some remarkable entanglements. 


We at Solartron follow a different pattern—requirement, 
solution, construction. That’s how we evolved the Phase Sensitive 
Voltmeter VP.250, designed to answer the needs of laboratories 
throughout the country. It will pay you to avoid entanglements 
and profit by our know-how. 


BRIEF SPECIFICATION OF VP.250 
Frequency Range : 20 ¢/s—20 Ke/s. 
Accuracy of Indication : Better than + 2% of full scale on all ranges. 


Voltage Ranges : Reference : 15 mV—20 volts. 
Signal : 15 mV—I5 volts in seven ranges. 


Input impedance : Greater than 50 megohms in parallel with 
approximately 8 pF for both signal and reference 

; input. 

nd Noise and Harmonic Rejection: Better than 40 db. 

eC- 

4 For full details, write to: Dept. E.4, 


7 SOLABRFROW ELECTRONIC GROUP LTD. 





RELIABILITY—COSTS Queen’s Road, Thames Ditton, Surrey. 


ccna sans aie Telephone : Emberbrook 5611. 
| EXCEEDED 0.2% OF SALES Cables : Solartron, Thames Ditton. 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





ELECTRICAL AND MECHANICAL ENGIN- 
. Sunvic Controls Ltd. (a subsidiary of . 
Metropolitan-Vickers Electrical Co. Ltd.) have 
the eK vacancies in their new Develop- 
ment and Production Units at Harlow. 1. 
Graduate Engineer with experience in design or 
ea of electro-mechanical mechanisms 
and ir application to instrument problems. 
2. Graduate engineer with practical experience 
in the development of electronic equipment 
and preferably a knowledge of the latest 
development in pulse techniques. 3. Applica- 
tion engineer of degree standard with experi- 
ence in the application of electronic techniques 
to industrial and process control problems. 
above positions are permanent and offer 
excellent prospects for promotion in a team 
engaged on the development and manufacture 
of a wide range of new instruments. Salaries 
will be according to age and ability. The Com- 
Pany’s contributory pension scheme applies in 
all cases, and housing is available if required. 
Reply in writin }, giving full particulars of age, 
experience, — 2 and present situation, 
to Chief ineer, Sunvic Controls Ltd., 
Harlow, Essex. W 209 





ELECTRICAL ENGINEERS OR PHYSICISTS 
who have — with a University Degree 
or Higher | ational Certificate are required for 
the Investigation of Radio Interference over 
a wide and interesting range of interfering 
sources. Applicants should write to the Director 
of Research, The British Thomson-Houston Co. 
Ltd., Rugby, giving their age and qualifications, 
quoting the Reference HI. W 2896 


ELECTRICAL ENGINEER with desi and 
development ex rience required by Tenion 
Company manu acturing heating equipment for 
laboratory and industrial use. © applicant 
should have initiative and will be required to 
co-ordinate and guide the development of new 
Products through all stages. To a man 30-40 
years of age the position offers wide scope in 
a very interesting expanding field. Academic 
or professional qualifications and ability to con- 
ol staff are necessary. The post is permanent 
with good prospects of advancement. Salary 
according to qualifications and experience. 
Apply in strictest — stating age, quali- 
ions, experience an mt remuneration 

te Box No. W 2951. aes 


ELECTRICAL ENGINEERS, Senior and 
Junior, are urgently required for the Engine 
Controls Department of Smiths Aircraft Instru- 
ments Ltd. at Cheltenham. The work embraces 
Research and Development on automatic con- 
trols for aero gas turbines, magnetic amplifiers 
and electro mechanical control units. Appli- 
cants should have some experience of magnetic 
amplifiers, electronics, small electro-mechanical 
instruments or theoretical or practical aspects 
of servo mechanisms. The positions are perma- 
ment and carry generous salaries commensu- 
rate with experience and qualifications. A 
Pension Scheme is available. Applications with 
full details of qualifications, experience, and 
salary required, should be made to: Personnel 
Manager, Smiths Aircraft Instruments Ltd., 
Bishop’s Cleeve, near Cheltenham, quotin, 
reference 51/EN. Ww 1298 


ELECTRICAL ENGINEERS. Graduates re- 
wired for work associated with Automatic 
‘ontrol Systems. Work includes detailed design 
of control circuits and co-ordination of 
schemes. Knowledge of electronic and mag- 
netic amplifier techniques an advantage. Vacan- 
cies also for those with specialized ae 
for development work on control systems. The 
posts are permanent and pensionable. —_ 
cants must have completed or be exempt from 
National Service. Apply in writing, marking 
envelope “Li” to Personnel 
Metropolitan-Vickers Electrical Co. 
ford Park, Manchester 17. 


ELECTRICAL RESEARCH ENGINEERS and 
Assi Ss are required in the Electrical Lab- 
oratories of C. A. Parsons & Co. Ltd., Heaton 
Works, Newcastle-on-Tyne, 6. Vacancies occur 


Manager, 
Ltd., Traf- 
W 2934 
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in Research Groups engaged in high voltage 
investigations, vibration and strain studies on 
heavy e'ectrical machinery; and for an Electri- 
cal Engineer for testing of new electronic in- 
struments and preparing instruction manuals. 
Applications for the posts of Research Engin- 
eer should possess a Degree or its equivalent 
in Electrical oe and for the post of 
Assistant possess the H.N.C., O.N.C., or its 
equivalent. Prior consideration will be given 
in each case to applicants who have com- 
pleted a recognized engineering apprenticeship 
and have also completed their term of National 
Service. Good commencing salaries and ex- 
cellent opportunities for advancement for men 
with initiative. Pension scheme in operation. 
Apply in writing, giving age and full chrono- 
logical details of qualifications and experience 
to the Personnel Manager. W 2949 


ELECTRONIC AND ELECTRICAL Designer/ 
Draughtsman required with experience of 
wiring and electronic component requirements 
for electronic apparatus as used in industry. 
Apply stating qualifications, capertonee and 
salary required to Drawing Office Manager, 
Bailey Meters & Controls Ltd., Progress of 
Croydon. W 1284 
ELECTRONIC ENGINEER required for design 
and development work wn electronic measur- 
ing instruments. Experience in this field essen- 
tial ood salary and eacellent prospects for 
advancement in expanding company. Rivlin 
Instruments Ltd., 7a Maitland Park Villas, 
N.W.3. W 1310 


ELECTRONIC ENGINEER 
expanding Electronic Section 
food organization in _ to 
struct and maintain factory electronic instal- 
lations and to assist in development of 
new equipment. Applicants should possess 
initiative and be below 35 years of age. Sal- 


rary for the 
of a prominent 
London to con- 


ary according to age and ¢ ience. Pension 
5 Fon 5-day weck. Write Box E.E.908 c/o 
191 Gresham House, E.C.2. W 2939 


ELECTRONIC ENGINEER required by London 
firm to take charge of measurements laboratory 
and test gear design. Experience of measure- 
ments of capacitors or telecommunication cables 
is essential. Position involves direct responsibil- 
ity to managements and will suit engineer aged 
25 to 32 who wishes to take up senior position. 
Write details of qualifications, experience and 
present salary. Box No. W 186 


ELECTRONIC ENGINEER _ required 
Senior position in an expanding laborat 
engaged on the development of electronic 
equipment including control gear, servo- 
mechanisms and special purpose tape recorders. 
Applicants should state ualifications, experi- 
ence and salary required. Write full details to 
Box No. W 1289. 


ELECTRONIC ENGINEER. Unique oppor- 
tunity for young man with vision, suitable 
technical qualifications and experience. Age 
range 25-30. Project covers application of a 
metal detecting technique for use in the indus- 
trial and allied fields. Ability to conduct 
technical selling a necessity and some commer- 
cial knowledge desirable. Only individuals of 
character and those fitted for pioneer work 
involving some travel at home and abroad 
should apply for an opening possessing unusual 
scope for initiative and personal development. 
Box No. W 1307. 


for 





ELECTRONIC ENGINEER required for excep 
tionally interesting development work. Appli- 
cants should have good academic training with 
5-10 years’ practical experience of develop- 
ment including some on communication equip- 
ment emp'oying frequency modulation at 


U.H.F. The post carries a good starting salary 


and excellent prospects. Please write, with 
details to Personnel Dept. (ED/189) E.M.I. 
Eng. Dev. Ltd., Hayes, Middlesex. |W 3005 





ELECTRONIC ENGINEERS. Young engin- 
cers, ing initiative and a desire for re- 
sibility, and technical training P to 
gree standard (Physics or Electrical Engin- 
eering), are required to assist in the develop- 
ment and testing of Guided Weapon Con 
Systems. Some experience of the design and use 
of analogue computers desirable but not essen- 
tial Good salary and bonus. Pension Scheme. 
Apply, quoting ref. EE/58 to the Assistant 
Smisen, The Fairey Aviation Co. Ltd., 
Weapon Division, Heston Aerodrome, Houns- 
low, Middlesex. W 2942 


ELECTRONIC ENGINEERS are required by 
the English Electric Co. Ltd., to fill vacancies 
in the Company’s Laboratories at Luton and 
Stevenage. 1. Senior Micro-wave Engineer— 
applicant should have a good theoretical back. 
ground to degree standard and experience of 
design or engineering of microwave equipment. 
The work includes investigation of new methods 
of construction with a view to miniaturization 
and weight reduction. 2. Senior Engineer—to 
lead a group of engineers in the development 
of specialized electronic test gear. 3. Senior 
Engineer—for work on general circuit develop- 
ment, with sound fundamental knowledge of 
electronics and the ability to apply it. 4. 
Senior Instrumentation Engineers—with a 
degree or H.N.C. and experience of the design 
of equipment for use in the instrumentation 
field. 5. Senior Engineer—to lead a group con- 
cerned with development and field trials of 
ground radar. Previous experience essential. 6. 
Senior Radar and Electronic Engineers—for 
development and field and flight experiments of 
radar equipment. Degree or H.N.C. standard 
preferred but applicants without these qualifi- 
cations but with wide experience of this work 
considered. 7. Senior Engineer—for missile tele- 
metry installation planning. Applicants must 
be familiar with existing telemetry systems and 
measuring techniques, suitable to a man with 
trial experience. 8. Junior Engineers and 
Laboratory Assistants—are required to assist in 
the above work. Vacancies also exist for Junior 
staff with experience of, or an interest in 
Microwaves. Housing assistance may be given 
in some cases. All of the above posts are perma- 
nent and progressive and pensionable after 
qualifying period, attractive salaries are offered 
to the successful applicants. Applications should 
be sent to Dept. C.P.S., 336/7 Strand, W.C.2, 
quoting ref. number 1260B. W 3022 





ELECTRONIC ENGINEERS with degrees in 
physics or engineering required for important 
and interesting work on the research and 
development of special equipment. Good 
opportunity and high salary rate. Write to 

anaging Director, Microcell Ltd., 56 Kings- 
way, London, iy W 2993 


ELECTRONIC ENGINEERS. A_ development 
section for work on Government contracts is 
to be created at a new, modern and attrac- 
tively situated G.E.C. factory. There are posts 
of varying responsibility requiring men with 
practical Electronic Development experience 
and with qualifications ranging from H.N. 
Cert. to Hons. Degree. Applications, which 
will be treated in strict confidence, should 
be detailed and addressed to Personnel Mana- 
ger, S.E.I. Limited, School Street, Hazel 
Grove, Cheshire. W 3002 





E.M.I. ENGINEERING Development Ltd. 
Commercial Electronics. Exceptionally inter- 
esting vacancy exists for a Development Engin- 
eer in a team designing automatic control 
system for application to machine tools. Appli- 
cants should have a thorough engineering train- 
ing with an interest and experience in servo 
systems and their design. The post carries good 
starting salary and opportunity for initiative. 
Please write in confidence, with full details, 
to Personnel Dept. (ED/224) E.M.I._ Eng. 
Dev. Ltd., Hayes, Middlesex. W 2927 





E.M.I. ENGINEERING DEVELOPMENT 
LTD. Computer Engineers. Applications are 
invited from Senior and Junior Electronic 
Engineers with experience in the design of 
digital computors to take part in a large scale 
development programme for Commercial 
Accounting Systems. The posts carry good 
starting salaries and outstanding opportunities. 
Vacancies also exist for Assistant Programmers. 
Applicants should write in confidence, with full 
details to Personnel Dept. (ED/226) E.M.I. 
Eng. Dev. Ltd., Hayes, Middlesex. W 2937 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








E.M.I. ENGINEERING DEVELOPMENT 
LTD. _Commercial electronics. Exceptionally 
interesting vacancy exists for a development 
Engineer in a team designing automatic con- 
trol system for application to machine tools. 
Applicants should have a thorough engineering 
training with an interest and experience in 
servo systems and their design. The post carries 
good starting salary and opportunity for initia- 
tive. Please write in confidence, with full 
details, to Personnel Department, (ED/224), 
E.M.I. Eng. Dev. Ltd., Hayes, Middlesex. 

W 3006 





E.M.I. ENGINEERING DEVELOPMENT 
LTD. Computor Engineers. Applications are 
invited from Senior and Junior Electronic 

gineers with experience in the design of 
digital computors to take part in a large scale 
development programme for Commercial 
Accounting Systems. The posts carry good 
starting salaries and outstanding opportunities. 
Vacancies also exist for Assistant Programmers. 
Applicants should write in confidence, with full 
details to Personnel Dept. (ED/226), E.M.I. 
Eng. Dev. Ltd., Hayes, Middlesex. |W 3007 








ELLIOTT BROS. (LONDON) LIMITED have 
vacancies for Senior and Junior Electronic 
neers in their expanding activities in the 
fields of ws ound measurements and 
instrumentation. or Engineers with good 
academic background and experience in_ this 
or similar . There is one vacancy for a 
Chief Engineer to take charge of a Division 
and several vacancies for leaders of develop- 
ment teams. Ref: B.T.1. Junior Engineers with 
University Degree and 2-3 years’ practical ex- 
ice to work under the guidance of seniors 

£ development teams. Ref: E.T.2. Labora 
Assistants with H.N.C. or equivalent and with 
interest Pp Zone Fan education and e - 
ence an ain as development engineers. Ref: 
E.T.3. Applications for the above positions 
h full details of age, qualifications and ex- 
en o a. ~, appropriate seurease 
umber, ersonne! cer, Cent orks, 
Lewisham. S.E.13. sa W 2938 





ENGINEERS 25-30 required for electronic and 
mechanical work by The Plessey Company 
Limited at Ilford. Good prospects of promo- 
tion, interesting work and a pension scheme 
await suitably qualified graduates or holders of 
H.N.C. Apply with full details of past _ 
ence to Plessey Company Limited, Vicar- 
age Lane, Ilford. W 2985 





ENGINEERS AND PHYSICISTS with a 
Degree or H.N.C. are required for permanent 
Posts in the Guided Weapons Division of The 
English Electric Company Limited at Luton, 
for work on analogue computors and simu- 
lators. In particular a Senior Man is required 
to supervise the design and construction of a 
large general purpose computor, and there are 
Junior Posts connected with this project and 
others allied to it. Applicants should prefer- 
ably have design experience in analogue com- 
puting or related fields such as servo-mechan- 
isms and negative feedback systems. Appli- 
cations to Dept. C.P.S., 336/7 Strand, W.C.2, 
quoting Ref. S.A.50C. W 2977 





ENGLISH ELECTRIC VALVE CO. LTD., 
Chelmsford. Junior Engineers required for 
Valve Development Work, especially on the 
application of microwave valves to circuitry. 
Applicants should have a Degree and prefer- 
ably some experience in microwave technique 
or alternatively with amateur transmitters. 
Apply, quoting Ref. 497M. to Dept. C.P.S., 
336/7 Strand, W.C.2. W 2976 





ENGINEERS AND DRAUGHTSMEN: Excel- 
lent opportunities for keen and enthusiastic 
engineers and draughtsmen for a wide variety 
of work associated with Radio and Machine 
Frequency, Resistance Heating Development, 
and Application problems. The posts are 
permanent and pensionable, and every oppor- 
tunity for advancement is available. Salary 
will be in accordance with age, experience and 
qualifications. Engineers for development and 
design of Radio Frequency Generators. Appli- 
eants must have had a full time electrical 
apprenticeship and experience in high power 
R.F. equipment. Qualifications—H.N.C. or 
full time University Degree. Engineers for 
development and design of Mechanical Hand- 
ling Equipment associated with Radio and 
Machine Frequency Heating Applications. 
Applicants must have had a full electrical or 
mechanical apprenticeship and experience in 
the design of Mechanical Handling Equipment, 
including pneumatics and hydraulics. Qualifi- 
cations—H.N.C. or full time University 

Technical Assistants and Junior 
Engineers for Experimental Laboratory work 
on problems related to the application of 
Radio, Machine Frequencies, and Resistance 
Heating. Candidates must have had a full time 
electrical or mechanical apprenticeship and 
reached at least O.N.C. standard. Draughts- 
men, Seniors and Juniors for circuitry layouts, 


‘mechanical and electrical equipment associated 


with Radio, Machine Frequency, and Resist- 
ance Heating Applications. Candidates must 
have had a full electrical or mechanical appren- 
ticeship and have O.N.C. or H.N.C. in elec- 
trical or mechanical engineering. Write for 
application form to: The Personnel Manager, 
Metropolitan-Vickers Electrical Co.  Ltd., 
Trafford Park, Manchester, 17, marking 
envelope ‘‘R.I’’. W 3050 





ENGINEER with electrical or physicist Degree 
required for development work on _ testing 
equipment for telecommunication cables. Per- 
manent and pensionable position at salary com- 
mensurate with experience and qualifications. 
please apply giving full particulars to Person- 
nel Officer, Southern United Telephone Cables 
Ltd., Dagenham Dock, Essex. W 1300 





ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies 
for circuit designers and equipment engineers 
to work on nucleonic instruments, and interest- 
ing new developments in electronic computing 
and switching; both senior and junior posts 
are available. Applicants should have a degree 
or equivalent plus several years’ experience of 
appropriate work for the senior posts; corre- 
spondingly reduced qualifications and experience 
will be accepted for junior posts. Salaries wil! 
be in accordance with age, qualifications and 
experience. Applications, giving details of age, 
academic or other gan and qualifications, 
experience, and starting salary required, should 
be sent to the Personnel Officer, Ericsson 
Telephones Ltd., Beeston, Nottingham. W 197 


ESTIMATING ENGINEER required in expand- 
ing organization. Applicants should _ be 
between 35/40 years of age, have a H.N.C. 
in mechanical or production engineering, and 
preferably have experience of the telephone or 
electronic industry. Apply Personnel Officer, 
Airmec Ltd., High Wycombe, Bucks. W 2911 


EXPERIENCED Radio Testers and Inspectors 
quired for production of communication and 
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tadio apparatus. Also Instrument makers, 
wirer and assemblers for Factory Test appara- 
tus. Apply Personnel Manager, E. K. Cole 
Ltd., Ekco Works, Malmesbury, Wilts. W 146 





FERRANTI LTD. (Moston) Manchester, have 
vacancies for Test Engineers to undertake work 
under the following headings: 1. General test- 
ing and fault finding on electronic and servo 
units. 2. Advanced testing of above units in 
final forms as analogue computors. 3. General 
testing of electronic testing outfits. (This will 
mainly involve electrical measurements.) 4. 
General testing and fault finding on gyroscopic 
instruments. 5. Design, development and 
maintenance of test equipment for electronics, 
servos and gyroscopes. Knowledge of general 
power supplies would be an advantage. A 
standard of approximately H.N.C. is desirable 
but lesser qualifications would be acceptable 
if combined with practical ability and experi- 
ence of this or analogous work (e.g., in H.M. 
Forces). Permanent Staff appointments with 
Pension benefits. Application forms from Mr. 
T. J. Lunt, Staff Manager, Ferranti Ltd., Hol- 
linwood, Lancs. Please quote reference HGN. 

W 3035 





FERRANTI LTD., (Electronics Dept.) Man- 
have the following vacancies at their 
Moston, Chadderton and Wythenshawe  fac- 
tories:— 1. Chief Planning Engineer for Cath- 
ode Ray Tube production. The essential quali- 
fication is previous responsibility and experi- 
ence in planning and progress, preferably, 
though not necessarily, in C.R.T. manufac- 
ture. 2. Process Control Engineers with con- 
siderable experience of C.R T. production and 
of the technical problems involved. 3. Techni- 
cal Maintenance Engineer with experience of 
vacuum equipment and automatic and mech- 
anical apparatus of the type used in C.R.T. 
production. Knowledge of electronic circuitry 
would be an advantage. 4. Plant Engineer. A 
young mechanical engineer, preferably with 
some knowledge of vacuum or chemical tech- 
niques is required to assist in the design of 
automatic plant for C.R.T. and valve produc- 
tion. 5. Circuit Engineer for work with new 
t of valves including the design of cir- 
cuitry for use with em. The successful 
candidate would also assist the Sales a 4 
ment in establishing these new types. 6. Valve 
ign Engineers holding good Honours 
Degrees in Physics or E’ectrical La: moe | 
and preferably with previous experience 
Valve design. 7. Circuit Engineer for a 
Ceramic Valve Laboratory, having experience 
of R.F. work and preferably of pulse circuitry. 
He would be required to determine the charac- 
teristics of advanced types of valves ons 
up new and interesting fields. Salaries woul 
depend on age and experience within the fol- 
owing franges:— Post 00-£1,000 per 
annum. Posts 2, 4. 5. 6, and 7—£600-£900 per 
annum. Post 3—£500-£700 per_annum. Perma- 
nent staff appointments with Pension benefits. 
Application forms from Mr. T. Lunt, Staff 
anager, Lp ne io ne tes te ian. 
lease quote reference hoe oe F i oh 
er ie 3 W 2984 





FERRANTI LIMITED, EDINBURGH. Gradu- 
ate Engineers are required for the design and 
manufacture of Radar and Fire Control Sys- 
tems. The work involves all aspects from 
system study, component and general design 
and flight trials to production. The Instrument 
and Fire Control Division particularly require 
Graduate Engineers interested in the design and 
development of Magnetic Amplifiers; Analogue 
Computors; Electronic Circuits for these sys- 
tems. Previous experience in this class of 
work is desirable. There are also vacancies for 
experienced men with Higher National Certi- 
ficate, or similar qualifications. Apply, giving 
full particulars of academic training and ex- 
perience, quoting Ref. 23/G/I/L, to the Per- 
sonnel Officer, Ferranti Limited, Ferry Road, 
Edinburgh, 5. W 3024 
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The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 

inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
ls excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 





FERRANTI LIMITED, EDINBURGH—Flight 
Trials Division. Applications are invited for 
Electronic Engineer for interesting work in their 
Flight Trials Division. The engineer will be 
engaged on trials to evaluate the technical and 
operational performance of fire control and navi- 
gational systems, air and ground. The qualifica- 
tions required are to degree or equivalent 
standard with a minimum of three years’ 
experience. Ref. No. EE/TID. Radar Main- 
tenance Engineer who will be responsible for 
a small outstation. Duties will involve limited 
travelling in the U.K. Ref. No. RME/TID. 
Ex-Radar Officers and Senior N.C.O.s are in- 
vited to apply for either or both vacancies. 
The appointments are pensionable and offer 
excellent prospects and working conditions in 
or attached to our new laboratories. Apply for 
an application form, quoting appropriate refer- 
ence number, to the Personnel Officer, Ferranti 
Limited, Ferry Road, Edinburgh, 5. W 2679 





FIRST-CLASS openings for experienced 
Radio and Television Engineers will shortly 
become available with a firm of repute in the 
London area. Engineers able to undertake 
immediately development work on Broadcast 
Radio and Television Apparatus would be 
offered an attractive salary. The successful 
candidates will be eligible for Company Super- 
annuation and Insurance Schemes. Please reply, 
a ae details of experience to Box No. 





GRADUATES, with and without experience 
are invited to apply for interesting and pro- 
gressive positions in the Research Laboratories 
of a large manufacturing organization. Vacan- 
cies in the following fields are offered to suit- 
able applicants. The overall performance of 
communication systems of all types. Centi- 
metric research, micro-wave links and associ- 
ated equipment and roblems. Transistor 
development and applications. Circuit develop- 
ment for telecommunications and_ television. 
ge a for interview should be made to:— 

r. P. J. Rogers, Personnel Manager, Stan- 
dard Telecommunication Laboratories Limited, 
Progress Way, Great Cambridge Road, Enfield, 
Middlesex. W 2950 





GRADUATE PHYSICISTS are required by 
the Nelson Research Laboratories, Stafford, for 
experimental work on a variety of problems 
in the field of vacuum electronics. Preference 
given to applicants with post-graduate experi- 
ence. Please apply to Dept. C.P.S., 336/7 
Strand, W.C.2, quoting Ref. 308E. W 2978 





GUIDED WEAPONS: Design  Engineers— 
Technicians. The Guided Weapons Department 
of the Bristol Aeroplane Company Limited, at 
Filton, requires to recruit the following:— 1. 
Design Engineer: to design and develop D.C. 
and L.F. circuitry for use in computing and 
other servo applications. A Degree in electrical 
Engineering or an equivalent professional quali- 
fication is desirable. 2. Technical Assistant: To 
service electronic-servo test equipment. Con- 
siderable practical experience, a high standard 
of education and a sense of responsibility are 
essential requirements. Applications, quoting 
D.O.35, giving details of age, experience, and 
salary required, should be addressed to the 
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Personnel Manager, Aircraft Division, Bristol 
Aeroplane Company Limited, Filton House. 
Bristol W 2986 


HATFIELD INSTRUMENTS LTD., who are 
now expanding their laboratories require senior 
and junior electronic engineers with experience 
in the design and test of high grade Radio and 
Industrial Laboratory Equipment. Apply in 
writing in the first instance stating age, experi- 
ence and salary required to Hatfield Instru- 
ments Ltd., 175 Uxbridge Road, ene “e 

3038 





HIVAC LIMITED, Manufacturers of specialized 
thermionic and electronic devices, offer interest- 
ing posts for scientists, engineers and _ tech- 
nicians in their existing organization on _ re- 
search and development projects in valves, cold 
cathode tubes and transistors. Previous ex- 
perience in these fields, though an advantage, 
is not essential, but a sound education and an 
active and inquiring mind are. Encouragement 
will be given, wherever possible, to the publi- 
cation of original work. The Company is a 
member of a major communications Group and 
the posts, which are available for both senior 
and junior applicants, are pensionable and offer 
scope for advancement. There is a five-day 
working week. Applications in writing, which 
will be treated in strict confidence, stating age, 
education, qualifications and salary expected, 
should be addressed to e Engineer-in-Chief, 
Hivac Limited, Greenhill Crescent, Harrow. 
Middlesex. W 3025 





IBM UNITED KINGDOM LTD. requires 
Senior Engineer to head new London labora- 
tory. Applicants must have University Degree, 
recent experience in design of Electronic Digi- 
tal Computors, and administrative . ability. 
Apply in writing, stating qualifications, to: 
E. D. Swann, IBM United Kingdom Ltd.. 
100 Wigmore Street, London, W.1. W 1290 


IMPERIAL CHEMICAL INDUSTRIES 
LIMITED, Nobel! Division, requires Assistant 
Technical Officers in the Physics Research Sec- 
tion, Stevenston, Ayrshire. Candidates should 
have a Pass Degree in Science, or its equivalent, 
and preference will be given to those with 
experience of electronics. .-_O should be 
made in writing to the Staff Manager, 460 
Sauchiehall Street, Glasgow, C.2. W 2987 


IMPERIAL CHEMICAL INDUSTRIES 
LIMITED, Metals Division, has a vacancy for 
a Technical Officer for development work on 
special instrumentation for plant purposes. The 
work includes development of non-destructive 
testing equipment and its application, servo 
control and the use of process analysis tech- 
niques. Candidates should possess an Honours 
Degree in Physics or Electrical Engineering. 
Application forms may be obtained from 
Assistant Staff Manager, I.C.I. Metals Division, 
Kynoch Works, Witton, Birmingham, 6, quot- 
ing ENG/13. W 3000 


IMPORTANT VACANCIES for Electrical 
Engineers for Guided Weapon Test Equipment. 
The following electrical engineers are re- 
quired to develop and/or use electronics 
and electro-mechanical test gear:—Electrical 
Engineer (ref. E.E./46) to lead a_ small 
test and fault finding team. Applicants should 
have electronic experience, preferably in one 
or more of these fields:— servo-mechanisms, 
analogue computors, radar, micro-wave, pulse, 
communication or telemetry. Degree or H.N.C. 
standard essential. Development Engineer (ref. 
E.E./48). Young graduate required to design 
and develop electronic and pneumatic test 
equipment. Honours electrical engineering Degree 
essential. Assistant Engineer (ref. E.E./49) to 
compile inspection test instructions for compon- 
ent and missile testing. H.N.C. standard and 
electronic experience essential. These interesting 
appointments offer scope for advancement to- 
gether with good salary and bonus. Pension 
Scheme. Send details of experience and qualifi- 
cations, quoting appropriate reference, to the 
Assistant Manager, The Fairey Aviation Co. 
Ltd., Weapon Division, Heston Aerodrome, 
Hounslow, Middlesex. W 2961 


J. LYONS & CO. LTD. have vacancies for 
both Junior and Senior graduates in electrical 
engineering or physics for training as systems 
maintenance engineers on electronic digital 
computers. Successful candidates will receive 
training in computer techniques on LEO 1 and 
will be transferred later to more advanced 
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work on LEO II, now under development. 
Apply Control Office, Cadby Hall, ro 
40 


JUNIOR ELECTRONIC ENGINEER required 
for development work on electronic measuring 
instruments. Good salary and excellent pros- 
pects for advancement in expanding company, 
Rivlin Instruments Ltd., 7a Maitland Park 
Villas, N.W.3. W 1309 


JUNIOR ENGINEERS required in departments 
covering the design and construction of high- 
grade television transmission equipment and a 
wide range of electronic equipment. Good 
fundamental knowledge required and some 
practical commercial experience desirable. Pen- 
sion Scheme. Five-day week. Good Canteen. 
Write stating age, experience and salary re- 
quired to Cinema-Television Limited, Worsley 
Bridge Road, Lower Sydenham, S.E.26. W 2991 


LABORATORY ASSISTANT required for test 
and calibration of wireless, radar, electronic 
measuring instruments. Should be capable of 
setting up basic calibration and experimental 
equipment. Five-day week. Write or_ phone 
Atkins Laboratories, Gowan Avenue, Fulham. 
RENown 5931. W 1301 


LABORATORY TECHNICIAN required for 
the Electrical Engineering Department for work 
in the electronics field. Commencing salary 
according to age and experience, in the scale 
£315x£15—£450 plus London Weighting 
(max. £30). The successful applicant must join 
the contributory pension scheme. Application, 
giving age a or Cf enpeeanes » 
t Secretary, King’s College, Strand, » 
m “se : , W 2936 
MANAGER for large electronic Company in 
N. London. Experience of mass production and 
small batch production of coils and_ trans- 
formers, etc. for radio, television and radar 
equipment. Control of 300 employees. Good 
Salary and prospects. Pension scheme, etc. 
Age 35-55. Write Box No. W 2960. 


McMICHAEL RADIO LTD., Slough, Bucks, 
have vacancies from time to time for Electronic 
Engineers to be engaged on Government pro- 
jects. Those wishing to be considered are 
invited to write fully to the Chief Engineer, 
Equipment Division. W 205 


METROPOLITAN-VICKERS ELECTRICAL 
CO. LTD., Trafford Park, Manchester 17, 
have vacancies for servo engineers with some 
practical experience in Electric servo and con- 
trol circuit design and application. Qualifica- 
tions required, a Degree or Higher National 
Certificate. Applicants should not be less than 
26 years of age. The posts are permanent 
and pensionable. Salary according to quali- 
fications and experience. Apply in writing to 
The Personnel Manager, marking envelope 
“Servo Mechanisms.”’ W 2557 


MURPHY RADIO LIMITED have vacancies 
in the Electronics Division Laboratories for 
qualified engineers to design and develop the 
following: 1. V.H.F. and U.H.F. Communica- 
tions equipment. 2. Airborne and Ground 
radar equipment. 3. Computing devices and 
servo systems. 4. Nucleonic equipment and 
measuring instruments. 5. Transistors and 
associated circuitry. The salary range is £600- 
£1,000 per annum depending upon experience. 
Further posts are available to engineers of 
H.N.C. standard or equivalent having less ex- 
perience, the salary range being £450 to £650 
per annum. These vacancies are at Welwyn 
Garden City but one or two vacancies of a 
similar nature are available at the Ruislip 
Works. Applications, giving age, full details 
of qualifications, experience and salary required, 
should be forwarded to Personnel Department, 
Murphy Radio Limited, Welwyn Garden, ra 


MULLARD RESEARCH LABORATORIES 
have vacancies for several Technical Assist- 
ants to be trained, at full salary, as Micro- 
wave Valve Engineers. Successful candidates 
will be engaged upon the design, construction 
and electrical measurement of valves in the 
research and development stages. The positions 
are permanent, progressive and carry attrac- 
tive salaries. Applicants, without National 
Service liabilities, should have scientific quali- 
fications of, or equivalent to G.C.E. (advanced 
level), O.N.C., However, these re- 
quirements might be waived if the applicant 
has experience in a suitable technical field. 
Salaries are based on qualifications, experience 
and age, and are in keeping with present-day 
levels. General prospects within the organiza- 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








tion are excellent. Apply Personnel Manager, 
Mullard Research Laboratories, Cross Oak 
Lane, Salfords, Near Redhill, Surrey. W 2872 





MULLARD RESEARCH LABORATORIES re- 
quire Electronic Engineer(s) for interesting 
design and development work on_ laboratory 
instruments and test equipment. Applicants must 
be capable of working on their own initiative 
and should have academic qualifications ranging 
from City and Guilds Final Certificate or 4th 
year National Certificate (Radio) to Degree 
standard. Several years experience in electronics 
is desirable and a good knowledge of pulse 
techniques is preferred. The positions offered 
are permanent, progressive and carry attrac- 
tive salaries. Applications should in the first 
instance be addressed to the Personnel Officer, 
Mr. G. A. Taylor, Mullard Research Labora- 
tories, Cross Oak Lane, Salfords, near Red- 
hill, Surrey, quoting reference VPL (C). W 2911 





MULLARD RESEARCH LABORATORIES in 
Surrey have a number of vacancies for Physi- 
cists and Electronic Engineers with a good 
Degree or equivalent qualification for work in 
a variety of projects including: (1) Solid 
Physics and Semi-Conductors. (2) Magnetic 
Materials and applications. (3) Microwave tech- 
niques. (4) Advanced Electronic circuit tech- 
niques, including Transistor applications. (5) 
Colour Television. (6) Computers and Servo- 
Mechanisms. Some years experience in one or 
more of these fields is desirable, but recent 
and prospective graduates are also invited to 
apply. Mathematics graduates with experimen- 
tal leanings are not excluded. Successful appli- 
cants will join teams engaged on research and 
advanced development projects. Publication of 
original work wherever possible is encouraged. 
Salaries are based on qualifications, experience 
and age, and are in keeping with present-day 
levels. General prospects within the organiza- 
tion are excellent. Apply to Personnel Officer, 
Mullard Research Laboratories, Cross Oak 
Lane, Salfords, near Redhill, Surrey, quoting 
reference E.R.L. W 2916 





NELSON RESEARCH LABORATORIES, 
English Electric Co. Ltd., Stafford, have a 
vacancy for a Physicist having an interest in 
Solid state physics and electronics, to work on 
the fundamental properties and applications of 
materials suitable for use in electronic storage 
devices. An Honours Degree and some research 
experience are desirable. Salary at present-day 
levels in accordance with age and qualifica- 
tions. Please reply to Dept. C.P.S., 336/7 
Strand, W.C.2, quoting Ref. 1353B. W 2979 





ONE OR TWO RESEARCH ENGINEERS are 
required by The English Electric Co. Ltd., at 
their Guided Weapons Division at Luton for 
extended studies into miniature high speed 
turbines and pumps, hydraulic servo systems 
and their associated control valves. The suit- 
able men should be well qualified in mechani- 
cal engineering but an ability for original 
thought, and to work without supervision is of 
Paramount importance. Salaries will be 
generous to the right applicants and housing 
assistance is possible. These posts offer ex- 
cellent prospects for original work for which 
every facility will be offered. Applications to 
Dept. C.P.S., 336/7 Strand, W.C.2, quoting 
Ref. 1181D. W 3023 
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NELSON RESEARCH LABORATORIES, 
English Electric Co. Limited, Stafford, have 
vacancies for Assistants in interesting work on 
the Physics, development and applications of 
magnetic and electrical insulating materials 
and devices. Graduates with or without indus- 
trial experience and people with National Certi- 
ficates in Electrical Engineering or Physics are 
required. Reply to Dept. C.P.S., 336/7 Strand, 
W.C.2, quoting Ref. 312A. W 2980 





OPPORTUNITIES IN THE UNITED STATES 
for English-Trained Electronics Engineers. The 
Engineering Department, Electronics Division, 
of Westinghouse Electric Corporation has avail- 
able a number of attractive situations to aug- 
ment the engineers hired in England during 
1953. Applicants must have professional stand- 
ing in the Institute of Electrical Engineers or 
equivalent standing in the Institute of Radio 
Engineers. Applicants for these positions should 
be over 25 years of age with at least three 
years’ experience in design or development in 
one or more of the following fields:— Circuitry, 
Antennas, Ground Radar, Microwave Cavities 
and Plumbing, Communications, Missile Guild- 
ance Equipment, Computors, Navigation Aids, 
Filters. Plant is located in the outskirts of 
Baltimore, Maryland, in the beautiful Chesa- 
peake Bay area with splendid facilities for fish- 
ing and sailing. The mountains are but one and 
a half hours’ drive away. Modern centrally- 
heated flats in suburban surroundings are 
readily available. Many opportunities for ad- 
vanced education and for cultural pursuits are 
readily available in the Baltimore area. Gener- 
ous relocation allowance is provided to help 
defray engineers’ and their dependents’ travel 
and shipping expenses. To arrange for inter- 
views in Britain at an early date with the 
Manager of the Electronics Division Engineer- 
ing Department address inquiry for application 
form to Mr. F. S. Mabry, Westinghouse Electric 
International Company, 1-3 Regent Street, 
London, S.W.1. All replies will be treated as 
confidential. W 2947 





PHILIPS BALHAM WORKS LTD., 45 Night- 
ingale Lane, S.W.12, reauires Graduate in Elec- 
trical Engineering or Physics preferably with 
experience in electronics for development of 
nucleonic instruments. Permanent appoint- 
ment with excellent prospects. Applications 
should be addressed to The Personnel Officer. 
at the above address. W 2915 


PHYSICIST REQUIRED by modern expanding 
instrument company. A new division is being 
formed to deal with problems of industrial 
measurement and control; the work will appeal 
to a man deeply interested in the principles of 
precision measurement. Electrical and elec- 
tronic methods are involved and some experi- 
ence of these is necessary. A man of not more 
than about 25 is wanted; the initial salary will 
be fair and the prospects are excellent, but the 
first thought of any applicant should be 
whether he will enjoy the work. Please write 
to Dr. j Parnum, Industrial Division, 
Southern Instruments Ltd., Frimley Road, 
Camberley, Surrey. W 3018 





PROJECT ENGINEERS are required to take 
charge of Microwave Electronic and Mech- 
anical developments in connexion with guided 
weapon and other applications in a company 
near London. Candidates should be graduates 
or hold H.N.C. and be between the ages of 
30 and 40. Salaries range from £1,000 up- 
wards according to age and experience. Pen- 
sion Scheme in operation. Full particulars of 
experience should be addressed in confidence 
to Box No. W 3057. 





RADIO ENGINEER for Bulawayo, Southern 
Rhodesia. Design and Development Engineer 
with at least five years’ experience on domestic 
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radio. Salary £1,200 per annum, with free air 
passage to Rhodesia. Application should be 
made to Advertiser, 31 Burlington Avenue, 
Kew Gardens, Surrey, with copy to P.O. Box 
2096, Bulawayo, Southern Rhodesia. Success- 
ful applicant will be interviewed in a 
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RADIO & TELEVISION ENGINEERS. First- 
class openings for an Experienced Car Radio 
Engineer, Television Engineers and Senior 
Design Draughtsmen, will shortly become avail- 
able with a firm of repute in the London area. 
Engineers able to undertake immediately 
development work on Broadcast Radio and 
Television Apparatus would be offered an 
attractive salary. The successful candidates will 
be eligible for Company Superannuation and 
Insurance Schemes. Please reply, giving full 
details of experience to Box No. W 2968. 





R. B. PULLIN & CO. LTD. invite experienced 
Electronic Engineers to apply for a_ vacant 
post in the Company’s Electronic Development 
Division. Applicants should possess an honours 
degree or equivalent qualifications, and should 
have had several years’ experience of the 
development of electronic circuits, preferably 
including work on electrical servos and mag- 
netic amplifiers. The post is of a senior and 
permanent nature; it offers excellent prospects 
in a recently created and expanding laboratory, 
and the work calls for a high degree of indi- 
vidual technical responsibility and initiative. A 
commensurate salary will be paid. Contribu- 
tory pension scheme, canteen and recreational 
facilities. Applications will be treated as con- 
fidential, and should be made in writing stating 
full details to the Superintendent, Electronic 
Development Division, R. B. Pullin & Co. 
Ltd., Phoenix Works, Great West Road, 
Brentford, Middlesex. W 3003 


RESEARCH AND DEVELOPMENT ENGIN- 
EERS are required for work on Electronic 
Switching, Computing and Control Apparatus. 
Applicants should preferably have had experi- 
ence of one or more of the above. A good 
university degree in engineering or physics 
would be .an advantage. Further vacancies 
exist for Junior Engineers and Technical 
Assistants. Excellent opportunities for ad- 
vancement to more senior positions. Starting 
salary, according to qualifications and experi- 
ence, will be in the range of £400 to £1,100 per 
annum. The Company operates a Superannua- 
tion Scheme and offers attractive working con- 
ditions with generous holiday and leave 
arrangements, and good social and recreation- 
al facilities. All applications will be dealt with 
in confidence and should be addressed to the 
Director of Research, British Telecommunica- 
tions Research Ltd., Taplow Court, Taplow, 
Bucks. W 2957 


RESEARCH ASSISTANT (male) required for 
research on the reactions of fish to water at 
different temperatures. Work (in London) in- 
cludes development, operation and maintenance 
of electrical and photographic recording appara- 
tus. Degree in mathematics or science pre- 
ferred; practical knowledge of electricity re- 
uired. Salary of Assistant Experimental 
fficer starting, according to age and quali- 
fications, between £290 and £520; pension 
scheme. Applications with particulars, educa- 
tion, qualifications, National Service, experience, 
and addresses of two referees to the Director, 
Freshwater Biological Association. The Ferry 
House, Far Sawrey, Ambleside, Westmorland, 
by 15th May. 1 


RESEARCH ENGINEERS — preferably of 
Degree standard, and with a sound knowledge 
of communications and, particularly electronics 
required for experimental work relating to 
underwater sound apparatus. Applications giv- 
ing past experience, technical qualifications, age 
and salary required, should be addressed to the 
Personnel Manager, Kelvin & Hughes Ltd., 
New North Road, Barkingside, Ilford, wea 


RESISTANCE WELDING RESEARCH. 
Senior investigator required to_take charge of 
resistance welding laboratory. Degree essential, 
preferably in electrical engineering; knowledge 
of electronics an advantage. Position will carry 
grade of Senior Research Officer (£700-£1,150 
p.a.) and will qualify for membership of super- 
annuation scheme (F.SS.U.). Starting salary 
according to qualifications and experience. 


ELECTRONIC ENGINEERING 
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The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 


Electronics not essential. Apply in writing to 
Chief Draughtsman, Radio partment, Metro- 

litan-Vickers Electrical Co. Ltd., Trafford 
ark, Manchester, 17. W 289) 





Employment Agency if the applicant is a man 

aged 18-64 inclusive or a woman aged 18-59 

inclusive unless he or she, or the employment, 

is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





Apply in writing: Chief Administration Officer, 
British Welding Research Association, Abing- 
ton Hall, Abington, Cambs. W 1271 


REQUIRED. Senior Electronic or Electro 
Mechanical Draughtsmen preferably with ex- 
perience of IDP.13 and RCS.1000. Draughts- 
men applicants not possessing experience of 
these standards will be considered for training. 
Also female Tracers required who have had 
experience on mechanical and electronic work. 

ices situated in Mayfair. Box No. W 1306. 


SALES MANAGER to handle specialized 
engineering production equipment. Progressive 

ition with good status, salary and ion, 
involving responsible personal contacting and 
technical correspondence with automobile and 
related industries. Personality, energy and initia- 
tive more important than long experience. 
Apply in writing with details of education and 
career to Personnel Officer, Induction Heating 
Division, Birlec Limited, Tyburn net 


ingham, 24. 


SECTION LEADER DESIGN DRAUGHTS- 
MAN in West End (London) drawing office. 
Senior staff status. Pension Fund and Life 
Insurance. Real opportunity for advancement 
to ambitious man with energy and drive. Mini- 
mum qualifications apprenticeship and H.N.C. 
or equivalent, with 5 years’ subsequent experi- 
ence, aged 24/45. Preference given to men with 
knowledge of aircraft industry on light elec- 
trical, electronic or instrument work. Please 
write in detail, or send postcard for Form of 
application, quoting Ref. 126 to The Personnel 
Manager echnical Emp'oyment), de Havil- 
land Propellers Ltd., Hatfield, Herts. W 2997 





SENIOR & JUNIOR Design Draughtsmen re- 
quired for interesting work in connexion with 
electronic equipment, commercial radio and 
television and/or light electro-mechanical 
engineering. London area. The positions vacant 
offer ample scope and opportunity for future 
advancement to men of good ability. A high 
salary will be paid to the selected candidates. 
All recognized staff privileges available. Please 
reply, giving full details of experience to Box 
No. W 2917. 





SENIOR AND JUNIOR Development Engineers 

uired for responsible work in Radio and 
Television Development Laboratories. Appli- 
cants for senior position should be able to 
undertake development work with minimum 
supervision. Excellent conditions and salary 
available for applicants who are a ted. 
Apply in first case to Personne! Manager pt. 
R.D.), McMichael Radio Ltd., Wexham Road, 
Slough, Bucks. . W 2671 


SENIOR AND JUNIOR RESEARCH 
PHYSICISTS preferably with University or 
Industrial Research experience are required to 
undertake basic research work on Thermionic 
Emission and related aspects of service physics. 
Wide scope and good prospects for men with 
initiative. Applicants should write to the 
Manager, Research Department, Metropolitan- 
Vickers Electrical Co. Ltd., Trafford Park, 
Manchester, 17, giving particulars of their 
age, qualifications and experience and suitable 
references. W 2883 


SENIOR SALES ENGINEER required by Tele- 
one Manufacturing Co. Ltd:, Martell Road. 
est Dulwich, London, S,E,21 with a minimum 

of 10 years’ yee experience. Must have 

comprehensive knowledge of the use of polar- 
ized relays im telecommunications,  servo- 
mechanisms, electronic circuits and allied — 
cations: Pension and Staff Bonus Scheme after 
qualifying period. Write giving full particulars 

to Personnel Department. W 2959 

SENIOR MECHANICAL DRAUGHTSMEN 

required for Radar and Electronics. Modern 

D.O. with first, rate conditions, salaries accord- 

ing to experience. Previous experience in 


ELECTRONIC ENGINEERING 





SENIOR DESIGN DRAUGHTSMEN requirea 
by a large engineering company due to expan- 
sion of the Company’s services and commercial 
business. Applicants should have a comprehen- 
sive knowledge of mass production of radio, 
television and electronic equipment. Salary up 
to £700 pe: annum, monthly status. The vacan- 
cies are of a permanent and progressive nature. 
Company’s superannuation and life assurance 
schemes in operation. Please reply giving 
details of experience to Box No. W 2918. 





SENIOR ENGINEERS, JUNIOR’ ENGIN- 
EERS TECHNICAL ASSISTANTS are invited 
to apply for positions where energy, initiative 
and skill will be well rewarded. The work 
relates to the development of television cir- 
cuits, and the design of components for large 
scale production. Experience of television 
receiver design is required in respect to means 
of scanning and focusing or the design of R.F. 
and I.F. circuits. The positions are permanent 
ones which offer scope for advancement to 
senior positions. The commencing salary will 
be in accordance with experience, based on a 
generous and progressive scale. Write giving 
full personal particulars to the Personnel Mana- 
ger, The Plessey Company Limited, Ilford, 
Essex. 3010 





SENIOR PROJECT ENGINEER. A _ vacancy 
is available for a Senior Project Engineer to 
head a group for the production of power from 
atomic —. Applicants should have a back- 
ground of experience, preferably in marine 
engineering or, alternatively, experience on the 
mechanical side of the generation of power for 
land purposes. In addition, applicants should 
have scientific qualifications in the form of 
First-Class Honours Degree in Marine or 
Mechanical Engineering, together with a sound 
practical experience. This is an extremely im- 
portant position and a good salary will be 
aid to a man meeting the stated requirements. 
mployment will be at Harwell initially. Box 
No. W 1262. 


SENIOR TELECOMMUNICATIONS Engineer 
A well known and expanding electronic engin- 
eering Company in the London area requires 
a Senior Telecommunications Engineer to take 
control of a department dealing with Micro- 
wave Link Systems. Applicants should have 
had considerable previous experience, both in 
design and application, in this field; prefer- 
ably holding at present a position as deputy 
head of a large telecommunications department. 
A very substantial salary is offered, and a 
Pension Scheme is in operation. Applicants 
should be of British Nationality. Please rep'y 
Stating age, experience, etc., to Box E.E 872 
c/o, 191 Gresham House, E.C.2. W 214 


SENIOR TELEVISION DEVELOPMENT EN- 
GINEER with administrative experience re- 
quired. Capable of carrying out development 
Projects with minimum supervision up to pro- 
duction stage. Kingston area. Write giving 
full personal details ~ , salary required 
Chief Engineer, Box No. 1265. 


SHORT BROTHERS & HARLAND LIMITED 
wish to engage Senior Engineers, Engineers and 
Technical Assistants for the Electronics Section 
of their Research Department, to work on 
Guided Missiles, Computing Systems, Naviga- 
tional Equipment, and other interesting pro- 
jects. Applicants should preferably have experi- 
ence of servo-mechanisms, precision electronic 
or radio circuits, instruments or test gear. 
Qualifications required are: Senior Engineers— 
Honours Degree with at least five years’ good 
engineering experience, and the ability to con- 
trol a development team. Engineers—University 
Degree, or eGuivalent, with several years’ ex- 
perience of development work. Technical 
Assistants—H.N.C. or equivalent with feet 
practical experience in appropriate field. ese 
are permanent positions in an expanding organi- 
zation with new and well-equipped laboratories. 
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Good salaries and prospects for men with 
initiative; pension scheme; assistance with 
removal and housing. Interviews can 
arranged either in London or Belfast. Applica. 
tions will be treated as strictly confidential. Send 
full particulars of age, qualifications, ' experi. 
ence with salary required to Staff Appointments 
Officer, Short Brothers & Harland Limited, 
P.O. Box 241, Belfast, quoting Ref. No. - 31. 
2952 


SHORT BROTHERS & HARLAND LIMITED 
have vacancies in their Research Department 
for two mathematicians to undertake the 
theoretical investigation of automatic controls, 
navigational systems, etc. Applicants must 
possess an Honours Degree, and some experi- 
ence of electronic, instrument or servo systems. 
Good salary and prospects in a rapidly expand- 
ing organization. Pension Scheme: assistance 
with housing and removal. Interviews can be 
arranged in London or Belfast. Applications will 
be treated as strictly confidential. Send full 
particulars of age, qualifications, and enpertenne 
to—Staff Appointments Officer, Short Brothers 
& Harland Limited, P.O. Box 241, Belfast, 
quoting Ref. No. S.A.34. W 2953 


SHORT BROTHERS & HARLAND LIMITED 
wish to engage Senior Engineers, Engineers and 
Technical Assistants for the Electro-Mechanical 
Section of their Research Department for work 
on Automatic Controls, Navigational Systems 
and other interesting military and commercial 
projects. Applicants should have had some ex- 
perience of instruments, small Electro-magnetic 
devices, gyroscopes, or systems employing such 
components. Qualifications required are: Senior 
Engineers: Honours Degree plus at least five 
years good engineering development experience, 
and the ability to control a development team. 
Engineers: University Degree, or equivalent, 
with several years’ experience of development 
work. Technical assistants: H.N.C. or equiva- 
lent, with good practical experience in appro- 
priate field. These are permanent positions in 
an expanding organization with new and well- 
equipped laboratories. Good salaries and _pros- 
pects for men with initiative; pension scheme; 
assistance with removal and housing. Interviews 
can be arranged either in London or Belfast. 
Applications will be treated as strictly confi- 
dential. Send full particulars of age, qualifica- 
tions, experience with salary required to Staff 
Appointments Officer, Short Brothers & Harland 
Limited. P.O. Box No. 241, Belfast, auoting 
Ref. S.A.32. W 2954 


SIEMENS BROTHERS & CO LTD., have 
vacancies in their laboratories at Woolwich for 
Assistant Engineers to carry out experimental 
work on electronics as applied to long distance 
telephony. The work covers multi-channel 
carrier current telephony and telegraphy over 
long distance open-wire lines and cables in 
addition to V.H.F. and U.H.F. radio circuits. 
Field trials for such new equipments afford 
opportunities for short periods of overseas ex- 
perience, and young engineers can obtain 
overseas installation experience. The labora- 
tories are also engaged on the development of 
specialized carrier current terminal equipment 
for use with submarine cable systems employ- 
ing submerged repeaters. Opportunities are 
available for dealing with mechanical design, 
the physical principles of component design 
and the miniaturization of equipment. There 
are vacancies for young engineers who wish 
to take up sales and project engineering work 
involving commercial as well as technical re- 
quirements. This work necessitates a period of 
laboratory training before undertaking over- 
seas travel. Applicants should have Ordinary 
National Certificate or higher qualification. 
Experience in the maintenance of multi-channel 
carrier telephone or telegraph equipment an 
advantage. Apply Siemens Brothers & Co. 
Ltd., Ref. 744/11, Woolwich, S.E.18. W 2964 


STANDARD TELEPHONES AND CABLES 
LTD., have vacancies for Engineers, Mathe- 
maticians or Physicists, with Degree or Higher 
National Certificate and experience of Auto- 
matic Switching Controls, Computors, or_Digi- 
tal Techniques. Vacancies also exist for Junior 
Engineers. Apply giving full details of quali- 
fications, experience and salary required to Per- 
sonnel Manager, Corporation Road, Newport, 
Mon. W 1313 


TECHNICAL ASSISTANT required by manu- 
facturers of telephones and automatic ex- 
changes in S.W. London. Must be able to deal 
with varied electronic and electrical appliances 
and write concise English. Good salary and 
prospects for right man. State education, ex- 
perience and present salary to Box No. W 1305. 
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The engagement of persons answering these 

advertisements must be made through a 

Office of the Ministry of Labour or a Scheduled 

Employment Agency if the applicant is a man 
18-64 inclusive or a woman aged 18-59 

inclusive unless he or she, or the employment, 

is excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 











TECHNICAL AUTHORS. Marconi’s Wireless 
Telegraph Company Limited, Chelmsford, 
have vacancies suitable for applicants capable 
of preparing technical descriptions, handbooks, 
etc., in connexion with Ground and Airborne 
communication equipments and navigational 
aids. Permanent and pensionable appointments 
are offered to selected applicants who must 
have had some experience of this work. Please 
apply in confidence to Dept. C.P.S., 336/7 
Strand, W.C.2, quoting Ref. 278F. W 2981 





TECHNICAL COMMERCIAL ENGINEERS 
required by progressive company specializing 
in automatic control switchgear and _auto- 
matic diesel electric generating plant. Know- 
ledge of telecommunications an advantage. 
Housing facilities available near modern factory 
situated 30 miles south of London. Applicants 
should state age, experience, qualifications and 
present salary. Box No. W 1285. 


TECHNICAL WRITER required by a West 
London Manufacturer of Domestic Radio and 
Television Equipment to take charge of a sec- 
tion engaged in the compilation of Service 
Manuals and similar Publication. Previous ex- 
perience of this work and a sound knowledge 
of electronic theory are essential. The position 
is permanent and pensionable. Apply to Box 
No. W 2956. 


TEST/CALIBRATION' engineers for high 
quality scientific and electronic instruments 
with good basic knowledge electronics. At 
least 2 years experience  testing/calibrating 
audio-frequency apparatus. Full details, L.M.K 
Manufacturing Co. Limited, Harlequin Avenue, 
Great West Road, Brentford, ees 3 





TESTERS required for high-grade Radar and 
Electronic work. Ordinary or Higher 
National Certificate an advantage, but men with 
suitable Service or Civilian experience will be 
considered. Opportunities of advancement 
available for progressive candidates. ood 
rates of pay, canteen facilities, etc., etc. Apply 
to the Employment Department, Metropolitan- 
Vickers Electrical Co. Ltd., Trafford Park. 
Manchester 17. W 2786 





TEST GEAR DESIGN ENGINEERS and 
Maintenance Engineers required with practical 
experience of this class of work, based on 
sound knowledge of electronic principles. These 
vacancies are permanent and progressive. A 
Company Pension Scheme in operation. London 
area. Please write, in confidence, giving full 
details of qualifications to Box No. 944. 





TEST GEAR DESIGN ENGINEERS and 
Maintenance engineers required with practical 
experience of this class of work, based on 
sound knowledge of electronic principles. These 
vacancies are permanent and progressive. A 
company pension scheme in operation. London 
area. Please write in confidence, giving full 
details of qualifications to Box No. W 2920. 





TELECOMMUNICATIONS (RADIO TRANS- 
MISSION) Engineer required by large organi- 
zation in the North West to train for position 
in Technical Publicity Department. Applicants 
should be aged between 25-30 years, and 
should have a good general educational back- 
found with the ability to write clear concise 

lish. A sound knowledge of modern tele- 
communications techniques, including V.H.F. 
and U.H.F. multi-channel systems and Fre- 


. Quency-shift signalling practices, essential. The 


Position is on the established staff of the Com- 
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pany, with contributory Pension Fund, and 
usual staff conditions and amenities. Please 
write to Box No. 434, Dorland Advertising 
Ltd., 18/20 Regent Street, London, S.W.1, 


giving details of age, qualifications and 
experience. W 2877 
TELECOMMUNICATIONS (LINE TRANS- 


MISSION) Engineer required by large organi- 
zation in the North West to train for position 
in Technical Publicity Department. Applicants 
should be aged between 25-30 years, and 
should have a good educational background 
with the ability to write clear concise glish. 
A sound knowlege of modern telecommunica- 
tions techniques, including coaxial and other 
multi-channel carrier telephone and telegraph 
systems, essential. The sition is on the 
established staff of the Company, with con- 
tributory Pension Fund, and usual staff con- 
ditions and amenities. Please write to Box No. 
438, Dorland Advertising Ltd., 18/20 Regent 
Street, London, S.W.1, giving details of age, 
qualifications and experience. W 2878 


TELEPHONE ENGINEERS. A _ well-known 
London company manufacturing Telecommuni- 
cations equipment have vacancies in their Sales 
Section for (a) Engineers for preparing tenders, 
(b) Engineers for editing and writing technical 
publications, (c) Engineers for instructing and 
training customers’ engineers. Should have vr 
knowledge of carrier telephone and .F. 
telegraph systems. Canteen and Sports Club 
facilities. Pensionable Staff =. State age, 
qualifications and experience. x No. W 2965. 


THE BRITISH THOMSON-HOUSTON CO. 
LTD., require a number of engineers to be 
trained as technical representatives for duty 
with the R.A F. These engineers will be re- 
quired to advise on the maintenance of air- 
borne electronic equipment. Applicants should 
have Higher National Certificate or equiva- 
lent together with practical experience on 





electronic equipment. Apply: _ Construction 
Department, British Thomson-Houston Co. 
Ltd., Rugby. W 3012 





THE EXPANDING Radar and Radio Division 
of Elliott Brothers (London) Ltd. has vacancies 
for: (a) Two Senior Electronic Engineers to 
carry out development work on interesting new 
radar and display projects. Candidates, who 
should be conversant with the principles and 
design of auto-follow and display circuitry, and 
with the design of I.F. amplifiers for pulse 
signals, should have had responsible study 
design experience and be in a position to lead 
a small group. (b) Junior Electronic Engineers 
to assist on the development of radar and dis- 
play projects. Candidates should have had 
experience in one or more aspects of radar 
circuit techniques and be capable of carrying 
out experimental work with a minimum of 
supervision. (c) Senior Mechanical Designer to 
undertake the design of complete radar systems. 
Candidates must have had a first-class Mechani- 
cal Engineering training and at least five years’ 
experience on microwave scanners and their 
associated mountings and waveguide compo- 
nents. A sound theoretical approach to such 
problems as stabilization is essential, together 
with the more practical knowledge of elec- 
tronic component layout, and requirements of 
high voltage equipments. Candidates will be 
required to direct a team of Draughtsmen and 
to take full responsibility for the mechanical 
aspect of a project. This post is an important 
one and holds considerable interest and ad- 
vancement. Applicants should write giving 
details of qualifications and experience to: 
Personnel Officer, Elliott Brothers (London) 
Limited, Airport Works, Rochester, Kent. 

W 3026 





THE EDISON SWAN ELECTRIC COMPANY 
LTD., have vacancies in their Special Products 
Development Laboratory for Engineers for 
Development work on a wide range of elec- 
tronic instruments and apparatus for Medical, 
Industrial and Government use. Please write, 
stating experience, age and salary required to 
155 Charing Cross Road, London, W.C.2, 
reference SP/LAB. W 213 


THE GENERAL ELECTRIC COMPANY, 
Stanmore Laboratories, Guided Weapons Trials 
Group have a number of vacancies for techni- 
cal staff to be filled during the next few months. 
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They call for a good general understanding of 
the theory and functioning of radar or similar 
equipment, and academic qualifications prefer- 
ably of Degree or equivalent standard. The 
work will involve association with aircraft 
operations and opportunities for on oe be 
available. Apply in writing to e Staff 
Manager, The Grove, Stanmore Common, 
Middlesex, or telephone to Bushey Heath 2441, 
Ext. 22. W 2925 


GENERAL ELECTRIC CO. LTD., 
Brown’s Lane, Allesley, Coventry, juires 
Mechanical Conia: Engineers, er- 
pnewn arnangen -_ raughtsmen, oe — 
experience of Radar type equipments for w 
on Guided Weapons and “tke pro . Also 
required, Senior and Junior Electronic Develop- 
ment Engineers, particularly in the field of 
Microwave and Ise Applications. Salary 
according to age, qualifications and experience. 
Apply by letter stating age and experience to 
the Personnel Manager. ef. R.G. W 208 





THE PLESSEY COMPANY LIMITED of 
Ilford offers attractive permanent positions to 
draughtsmen, due to expansion of our elec- 
tronic division. Applicants should be experi- 
enced in development and design for produc- 
tion of high grade communications equipment 
to service requirements. Good salary and staff 
conditions. Company superannuation and in- 
surance scheme in operation. Applications, 
which will be treated in confidence, should be 
addressed to The Plessey Company Limited, 
Vicarage Lane, Ilford, Essex. W 2919 





THE TELEGRAPH CONDENSER CO. LTD., 
require Radio and TV Engineer with labora- 
tory experience for work in connexion with 
printed circuits. H.N.C. standard. Superannua- 
tion scheme. Write giving full details of edu- 
cation and experience, age and salary required 
to Personnel Manager, T.C.C. Ltd., North 
Acton, W.3. W 2933 


THE TELEGRAPH CONDENSER CO. LTD., 
invite applications from Engineers fully experi- 
enced in Radio and Television design to assist 
Chief Development Engineer in development of 
printed circuits. Qualifications at least to 
A.M.1.E.E. standard. This position offers 
scope for the right man who must be capable 
of initiating and following projects to finality, 
including contact with customers. Superannua- 
tion scheme. Write giving full details of quali- 
fications and experience, age and salary re- 
quired, to Personnel Manager, T.C.C. Ltd., 
North Acton, W.3. W 2932 


TRANSFORMER and Filter design Engineer 
required to take charge of design and manu- 
facture. Qualifications and experience essential. 
Apply, to Personnel Manager, Pye Telecom- 
munications Ltd., Ditton orks, mt 


TRANSFORMER DESIGNER required for 
development projects involving audio-frequency 
power transformers, pulse transformers, oil-filled 
units, etc. Apply stating age, qualifications and 
experience to the Personnel Manager (Ref. 
R.G.), The General Electric Co., Ltd., Brown’s 
Lane, Allesley, Coventry. W 192 


TWO GRADUATE PHYSICISTS or electrical 
engineers with an interest in electronic engin- 
eering ate required for the development of 
equipment for the measurement of the proper- 
ties of semiconductor materials and devices. 
Previous experience in the design and construc- 
tion of electronic equipment is desirable for 
one of the vacancies. Box No. W 2922. 


VENEZUELA: A company in Venezuela repre- 
senting well known British manufacturers of 
radar and electronic equipment has requested 
its principals to recruit a man of experience 
with the object of forming an electronic sec- 
tion of the company in Venezuela. The man 
required must have the necessary technical 
qualifications and experience in radar and elec- 
tronic equipment both for marine and air 
use and in defence applications. Technical 
sales experience is an advantage. A_ single 
man able to speak Spanish is preferred. e 
salary for the initial contract period of one 
year, will be in the region of 3,500 to 4,000 
Bolivares r month (equivalent of approxi- 
mately £ per mouth). Please write full 
details qualifications, experience and all rele- 
vant information to REF: RS Box No. W 2913. 
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The engagement of persons answering these 
advertisements must be made through a Local 

Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 





ULTRA ELECTRIC LTD., Western Avenue, 
Acton, W.3 announce the following vacancies 
for Engineering Staffs. (1) Television Develo 
ment. (a) Senior Engineers required for TV. 
Receiver design. Applicants should have good 
academic qualifications and experience of the 
design of radio frequency amplifiers, prefer- 
ably up to frequencies of the order of 200 
Mc/s. (b) Senior Engineers for Time 
development. Applicants should have good 
academic qualifications and previous experience 
in the design of T.V anning circuits. (c) 
Junior Engineers with academic qualifications 
or experience in T.V. Receiver development. 
(2) Radio Development. (a) Senior Engineers 
required for development of radio receivers. 
embodying the most recent AM/FM techniques. 
Knowledge of F.M. receiver design desirable. 
(b) Junior Engineers required for receiver 
design; experience desirable but not essential 
if possessing Higher N.C. or C. and G. (Tele- 
coms.) Final Cert. (3) Electronics (a Senior 
Electronics Engineer with some experience of 
circuit design for work in one of the following: 
(i) Pulse techniques and general waveform cir- 
cuitry. (ii) Radar Display. (iii) Feedback tech- 
niques at video frequencies. (iv) Simple Servo 
devices. Successful applicants will have oppor- 
tunities of studying recent American techniques 
and they should be capable of accurate record- 
ing of experimental and design data and the 
preparation of technical servicing information. 
(b) Electronic Engineers for work on one or 
more of the above subjects. (4) Test Equipment 
Development. (a) Test Equipment Development 
Engineer for design and development of pro- 
duction test equipment for T.V., radio or con- 
tract work. Applicants should have Higher 
N.C. or equivalent and good experience. (b) 
Junior T.E. Engineer with some qualifications 
or preferably some experience. (c) Measure- 
ments Section Laboratory Assistant (m. or f.) 
with some technical knowledge and experience 
of calibration and certification of electronic 
equipment. Applicants are requested to write 
to the Personnel Manager. stating which of 
the post(s) desired and giving full details (in 


strictest confidence) including age, experience 
and salary expected. Saturday morning _inter- 
views can be arranged if desired. W 3031 





Further “ Situations Vacant’’ advertisements 
appear in display form on pages 103, 108, 
128, 133 and 139. 








SITUATIONS WANTED 





SENIOR ENGINEER. 33. D.F.H. five years’ 
experience in the G.W. field including a trial 
department, seeks post calling for organiza- 
tional ability. London area. Box No. W 1303. 


TELEVISION BROADCAST ENGINEER, 
A.M.L.E.E. Extensive experience. desires 
superior commercial post. Box No. W 131 





FOR SALE 





COMPARABLE in specification with ampli- 
fiers costing double its price of £25 the 
“Rogers Rd Junior’ is in stock and strongly 
recommended by Webb’s Radio, 14 Soho 
Street, London, W.1. W 196 


LARGE QUANTITY of Toggle Action ‘‘Quick 
Make and Break’’ Units suitable for 30/60 
amp. Switchgear for disposal. Cancelled export 
order. Samples on request. Box No. W 1302. 


MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. § 

our display advertisement on page 142. W 202 
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METAL-GLASS SEALS. Single way hermetic- 
ally sealed terminals for soldered connexions 
and fixing. Mostly Ikv and 2kv sizes. New: 65s. 
per 1,000 assorted. P. B. Crawshay, 94 Pixmore 


Way, Letchworth, Herts. Tel. 1851. W 215 
POWER EQUIPMENT BARGAINS. Potted 
Mains Transformers. ese are of really 


superior construction fitted in cast metal cases 
and compound filled. Terminals come to ebonite 
baseboard. All are upright mounting and have 
220/230 normal 50 cycle = input and fully 
screened primary. Type 5 265-0-265 at 300 
m.a.; 6.3 v. at 7 amp.; yy v. at 2.5 amp.; 
Price 35s. plus 3s. 6d. carriage. Type 5F2. 365- 
0-365 at 150 m.a.; 4 v. at 2.5 a.; 6.9 v. at 
oy a.; Price 32s. 6d., carriage and paaans 
. 6d. Type SF3. 1540 v. 2 v. at 2 a; v. 
> 1 a. This is an ideal transformer for tele- 
visors and scopes using V.C.R.97, etc. Price 
25s. carriage 2s. 6d. Potted Chokes. These 
chokes are in similar type cases and therefore 
match the above transformers. Type 5F4. 5 H. 
at 300 m.a. Price 10s. carriage and packing 
2s. 6d. Type S5F5. 10 H. at 150 m.a. Price 
12s. 6d. post and packing 2s. 6d. High Power 
Transformers. For Heaters, transmitters, 
etc., etc. These are open wound type for maxi- 
mum cooling and have the normal 200-250 
primary fully screened. Type SF6. 1,000 v. at 
+ amp. e.g., 5 K.V.A. Price £8 10s., contings 
and packing 5s. Type 5F7. 1,500 v. at 1 am 
e.g., 1.5 K.V.A. Price £15, carriage and pack- 
ing 7s. 6d. Type SMI. -0-1, v. at 
15 amps. e.g., 14 K.V.A. Price £12 
10s., carriage and packing 7s. 6d. Type 5M2. 
1,000-0-1,000 v. at 500 m.a. and 4 v. at 4 
a. Price £7 10s., carriage and packing 4s. 6d. 
Type 5M3, 375- 0-375 v. at 250 m.a. and 4 v 
at 4 a. Price 37s. 6d., carriage and eaktias 
3s. 6d. Power Filament Transformers. Type 
5M4. 4 v. at 4 a. 2-0-2 v. at 10 a. Price 18s. 
6d., carriage and packing 3s. 6d. Type 5MS. 
3.15-0-3.15 at 10 a. 4-0-4 at 10 a. 0-4 By 
2 a. 4 at 4 a. 2.5-0-2.5 at 3 a. Price 27s. 
plus carriage and packing 3s. 6d. Type sue. 
34 v. at 2 a. ee ee and 28 v. 
for relays, etc., 6d. plus 3s. 6d. carriage 
and packing. eo ‘Chokes. Open wound type 
and feet with clamps. Type 5M7. 30 Henry at 
500 ma., 35s. Type 5M8. 20 Henry at 500 


m.a. 32s. 6d. Type 5M9. 15 Henry at 500 
m.a. 27s. 6d. Type 5M10. 10 Henry at 500 
m.a. 22s. 6d. Type SMI1. 25 Henry at 250 
m.a. 18s. 6d. Type 5M12. 3 Henry at 10 amps. 
18s. 6d. Type 5M13. 200 Henry at 5 maa. 
15s. E.P.E. Ltd., Special Sales Dept., 31 
Bourne House, Grove Road, Eastbourne. 


W 185 


STAINLESS STEEL BALLS. Phosphor Bronze 
and Brass Balls, Miniature Balls and Bearings: 
prompt delivery. Insley (London) Ltd., 21/22 
Poland Street, London, W.1. Tel. GERrard 
8104 and 2730. 1177 





EDUCATIONAL 





CITY & GUILDS (Electrical, etc.) on ‘‘ No 
Pass—No Fee’’ terms. Over 95 per cent 
successes. For full details of modern courses 
in all branches of Electrical Technology — 
for our 144-page handbook—Free and 
free. B.I.E.T. (Dept. 337C), 29 Weight’ 
Lane, London, W.8. 


ELECTRONICS APPLIED TO INDUSTRY. 
Learn the basic principles and applications with 
our modern self-study course. | Experimental 
work included if required. Free Brochure from 
E.M.I. Institutes, Dept. EE.56, London, W.4 
(Associated with H.M.V.) W 2673 


FREE; Brochure giving details of courses in 
Electrical Engineering and Electronics, covering 
A.M.Brit.I.R.E City and Guilds, ete. 
Moderate fees. Write to E.M.I. Institutes. 
ag EE.29, London, W.4. (Associated with 
H.M.V.) W 2674 


METALWORK. Ail types cabinets, chassis 
racks, etc., to your own specifications. Phil- 
pott’s Metal Works Ltd. (G4B1), Chapman 
Street, Loughborough. W 2776 


THE POLYTECHNIC, Regent Street, W.1, 
Electrical Engineering Department, Head of 
Department: D. O. Bishop, Ph.D., M.I.E.E. 
A special course of six weekly lectures dealing 
with High-Fidelity Sound Reproduction has been 
arranged for Thursdays at 7 p.m. commencing 
19th May 1955. The lectures will cover various 
aspects otf sound recording and reproduction 
and will be given by leading specialists from 
industry. Particular attention will be devoted 
to the The fee for the 


latest developments. 
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course is £1. Further details may be obtained 


on application to the undersigned. J. ma 
Director of Education. W 2983 
ee AND RADIO—A.M.Brit. I.R.E., City 


& Guilds, R. T.E. B. Certificate, etc., on ‘‘ No 
Pass—No Fee ”’ terms. Over 95 per cent suc- 
cesses. Details of Examinations and Home 
gga OS age me in all branches of Radio and 

rite for 144-page handbook — Free, 
BETS (Dept. 337H), 29 Wright’s ome Lon- 
on, W.8 W 187 





WANTED 


“WANTED. Electronic Engineering November 
1948 required. Reply Technical Library, mS K. 
Cole Ltd., Ekco Works, Malmesbury. W 3046 








SERVICE 





ANY ELECTRONIC MS perfectly typed (or 
duplicated) by enthusiast of experience with 
— typewriter. 25 Valkyrie Road, Wallasey, 
heshire. W 1304 


ELECTRICAL AND MECHANICAL drawing 
and tracing capacity is now available. Inquiries 
invited. Box No. W 1282. 


LABORATORY AND TECHNICAL  Glass- 
blower has facilities for special or repetitive 
work of a skilled nature. Box No. W 1595. 
PRESSINGS IN ALL METALS up 4 60 tons. 
Press tools sotshiletad in our own tool-room. 
Light assemblies — Domestic, Electrical and 
mechanical. All finishes. A.I.D. and A.R.B. 
approved. Advice and Estimates given free. 
Inquiries to Metal Components Ltd.. Dolphin 


Road, Shoreham-by-Sea, Sussex. os 
Shoreham 2224/5. 1298 
WAVE WINDING capacity available. Avis*& 
Baggs Ltd., Gosbrook Road, Caversham, 
Reading. W 2990 


WEBB’S SERVICE DEPT. for complete rene 
vation of complex communication receivers of 
any make. Test report issued showing sensitivity 
selectivity, signal/noise equal to, or better than. 
maker’s original figures. Webb’s Radio. 14 
Soho Street, London, W 196 





AGENCIES 


ELECTRONIC "DISTRIBUTING AGENCY 

situated in S.W. England, contacting industrial 

and Government departments wishes to handle 
further lines of high-grade test or electronic 
instruments rf. heating. telecommunication, 

ogg eerch or specialized equipment. Box 
lo 


BUSINESS OPPORTUNITIES 


PRECISION ENGINEERING AND MOULD- 
ING. London firm of designers and manufac- 
turers of components for electronic equipment 
with first-class facilities and organization for 
research, design and development as well as 
sales and contracts and commercial admini- 
stration, would like to meet similar small firm 
with strong over-all technical direction and 
production management, who could benefit 
from additional orders and the organization 
described above, in order to discuss collabora- 
tion or amalgamation. Please write in the 
first instance to Box No. W 3016. 








PATENTS 


BRITISH PATENT NO: 656,486. Installation 
for wireless calling in circuits comprising com- 
bined transmitting and_ receiving stations. 
British Patent No: 660,579. Improvements in 
or relating to devices for phase modulation 
of electric oscillations. British Patents No.: 





660.645. Improvements in or relating to 
devices for phase modulation of electric 
oscillations. The proprietors of the above 
Patents are desirous of entering into an 


arrangement by way of a Licence or other- 
wise on reasonable terms for the purpose of 
exploiting the above Patents and ensuring their 
practical working in Great Britain. All in- 
guiries to be addressed to Heron Rogers & 
Company, Bridge House, 181 Queen Victoria 
Street, London, E.C.4 W 2906 


APRIL 1955 





obtained 
>. Jones, 
W 2983 
.. Cit 
m “No 
ent suc. 





ovember 
EH 
W 3046 


ped (or 
ce with 
Vallasey, 
W 1304 


drawing 
Inquiries 


Glass- 


epetitive 
59s. 
50 tons. 
-room. 
cal and 
A.R.B. 
n free. 
Dolphin 
ephone: 
1298 
Avis *& 
ersham, 
W 2990 


e rene 
vers of 
nsitivity 
r than. 
lio, 14 
W 196 


yENCY 
dustrial 

handle 
ctronic 
ication, 
it. Box 


JULD- 
anufac- 
ipment 
on for 
vell as 
\dmini- 
ll firm 
n and 
benefit 
ization 
labora- 
in the 


lation 
; com- 
ations. 
nts in 
ulation 
No.: 
ig to 
slectric 
above 
oO an 
other- 
se of 
, their 
Il in- 
ers & 
ictoria 
V 2906 


5 





In the sphere of electronics, whatever 
you have to produce, 

whatever its state of development— 
if you want it produced 

quickly, in quantity, with 
commensurate quality; if you want 

it produced 





economically—it’s a job for Plessey! 


At the Electronics Division of Plessey, a thousand 
pairs of trained hands can, if need be, nurse 

a young idea—develop it—and bring it to full 
or limited production maturity 

with a thoroughness that would spell costly 
delay in any organisation 

less well equipped. The Division is presently 
engaged on contracts for 

for such renowned organisations as B.T.H., 
Decca, I.A.L., Kelvin Hughes, 

Marconi’s Wireless Telegraph Company Ltd., 
and Laurence Scott & Electromotors Ltd. 

If your special interests lie in electronics, 
serve them well 





by writing for the Plessey publication 


Partof aparticularly compact radar 
installation made for Marconi’s 
Wireless Telegraph Company Ltd. 


which sets out 
the Division’s specialised services. 





eee you should see Plessey 





ELECTRONICS DIVISION: TELEPHONE VALENTINE 8855 
THE. PLESSEVY COMPANY tC1MTTEO , ILFORD : ES: SE % 
Gp PE 2a 
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Carbonyl Iron Powders are recommended 
for magnetic cores in communication and 
electronic components on account of their 
low eddy-current and hysteresis losses, 
particularly when high Q factors and 
absence of non-linear distortion are 
important design considerations. By 
selection from the various grades avail- 
able, excellent performance can be 
obtained over a range of frequencies 
from 500 c/s to 50 mc/s. 


Typical applications of Carbonyl Iron Powders: 


Magnetic cores 


for Radio and ee , ; 
Television, includ- Etched section of a particle 
ing IF transformers of grade ME carbonyl 


cnd tuning inductors. iron powder, obtained by 
replica technique with elec- 


tron microscope. X 20,000. 





Toroidal and shrouded 
cores for carrier tele- 
phony. 






N powpDeERS 







CARBONYL IRO ie 





Magnetic cores for permeabil- 
ity tuning, and for aerial and 
direction finding inductors. 












Toroidal cores for telephone 
The properties and uses of these powders loading and filter coils 


are fully described in this new publication 
which will be sent free on request. 





THE MOND NICKEL COMPANY LIMITED 


SUNDERLAND HOUSE +» CURZON STREET - LONDON .- W.1. ‘mono’ MICKEL 
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“<A complete library in two volumes ..” 


KEMPE’S vote 
Year-Book 
Edited under the direction of the Editor of ‘‘The Engineer” 


1955 (60th Edition) 75/- (plus postage 2/6d.) 


% 3,000 pages covering modern theory and practice in all branches of engin- 
eering. No other single publication devoted to engineering covers a comparable 
range of subjects so concisely. 


ORDER YOUR COPY NOW _ ftepublishers or through 


your local booksellers. 








or send for complete prospectus to:— 


Kempe’s Engineer’s Year-Book 
28 Essex Street, Strand, London, W.C.2 “g?' 
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- “AIRMAX” PATENTED SCREW FANS 





The illustration shows 
fans from 13” to 16” in 
diameter. There are 
eight different types of 
“Airmax” patented 
Rotors capable of giving 
practically any combin- 
- ation of volume and 
pressure desired. 


TO APPROVED MINISTRY SPECIFICATIONS 


Designed by the world pioneers of high efficiency axial flow fans 


A. K. FANS LIMITED *=:::" 


27 20 UPPER PARK ROAD + LONDON © N.W.3 amu toca 


Telephone : PRIMROSE 5969/9995 
ON ADMIRALTY LIST. A.1.D. APPROVED 


hone 
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D.C. VOLTAGE STABILISERS | 


: Low Voltage, High Current 
; D.C.3. 7 amp. D.C.38. 2°5 amp. 











« Output I-30 volts, ato-7 amps. The steady- | Output 1-15 volts at 0-2. amps. Stability is 
state stability is -- 25 mV for load and mains 5 mV for load and mains changes. Ripple is less 
changes. Rectifier ripple less than 0.05 % | than 3 mV R.M.S. Time of response is 1 mSec., 

« peak. Time of response is about 200 mSec., | for small errors. : 


for small errors. 


Descriptive Leaflet on request. 


for The most cxachyg standavts YO 


SER' 
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Hbmnge f Eechrical Covtiol lostsumeots 


/ | A.C. VOLTAGE STABILISERS  . 


A.C.2. 10 amp. (for immediate delivery) ' 
A.C.7. 30 amp. (now in production) 


TALE 
CORT RO, ‘ea METER 


Saree 





ea, 

i RES i 

1) ass te EX CONTROLS tTo 

1 | Rts Woeree cg OE tea 

i} bitin STARL Ken ee 

| Hmene Weacy Vs 


L 





FOR THE MOST EXACTING WORK 


bt These Stabilisers both employ a continuous servo with velocity feedback. They are 
less insensitive to change of frequency—load power factor—temperature—supply wave- . 
ai I form. They are unaffected by vibration and bumping, and have excellent long-term 

stability. Other important features are :— 





1. Output continuously variable. 5. Very wide range of correction 
' 2. Zero distortion. (The A.C.7. covers minus 20% to 


3. Metered for current and voltage. See PF) ° 


i 4. Large power. Send for data sheet. 


Y can epencow LTA WALL LD 


SERVOMEX CONTROLS LIMITED - CROWBOROUGH HILL * JARVIS BROOK + SUSSEX PHONE : CROWBOROUGH 1247 
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VISUAL VALVE TESTER 





This equipment displays on a cathode-ray tube 
a family of la/Vg curves for any receiving type 
thermionicvalve. Eleven curves corresponding 
to eleven different grid voltages are presented 
simultaneously and a calibrated graticule 
permits rapid comparison with published data. 


Nine standard valve bases are provided, with 
facilities for connecting others, and the various 
valve electrodes are connected to the requisite 
supplies by a multi-button switching board. 


This permits any electrode to be connected to 
any supply without damage and also enables 
electrodes to be paralleled for test purposes. 


All external parameters Va, Vs, Vh, Vg, are 
continuously variable over a wide range and 
current and voltage values are metered. 

Full technical data is available on request. 





CINEMA 











a COMPANY WITHIN THE J. ARTHUR RANK ORGANISATION 


WORSLEY BRIDGE ROAD + LONDON -:_ S.E.26 
HITHER GREEN 4600 


SALES AND SERVICING AGENTS : 

Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4 

Atkins, Robertson & Whiteford Ltd., 100 Torrisdale Street, Glasgow, S.2 

F. C. Robinson & Partners Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16 
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Tl 


tondard 


In Standard’s extensive range of high quality, 

long-life valves there are types for almost 

every purpose, including :— 

Broadcast, Communication and 
Television Transmission 

Airborne and Mobile V.H.F. Equipment 

Microwave Links 


Telephone and Telegraph Coaxial 
and Line Transmission 


R.F. Heating 
Counting and Computing 


Ti | D.C. Power Supply Rectification 
ui | 


Motor Speed Control 





Standard engineers are always Welding Control 
available for consultatio1; and Medical Diathermy 
designers and technicians in most 
branches of industry, who may 
wish to avail themselves of X-Ray 

Standard’s long expecience in Vacuum Measurement 
valve engineering, can be assured 
enthusiastic co-operation. 


Voltage Stabilisation 


Thermocouples 


Srandard Telephones and Cables Limited 


Registered Office: Connaught House, 63 Aldwych, London, W.C.2. 


RADIO DIVISION . OAKLEIGH ROAD . NEW SOUTHGATE, LONDON, N.11 


B 13 
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Complies with 
British Standards 
972 - 668+ 1137 
Fabric base to 
RCS 1000 
specification 





Just 


between 
ourselves ...and electricity 


you need 





Wherever an efficient combination 
of mechanical strength and sound 


insulating properties is required, 
‘Pirtoid’ provides the modern 
answer. 


Superior under severe operating 


conditions, resistant to shock insulated laminate 


loading, easily punched to yield 

clean, sound blanks, amenable to 

effective drilling without delamin- 

ation, ‘Pirtoid’—for Terminal 

oe Pol esr _— PIRTOID IS A SYNTHETIC RESIN BONDED 
olders, i oil Form- 

ers, Panels, Insulating Bushes and LAMINATED FABRIC OR PAPER BASED 

Handles—is the material of the SHEET TO APPROVED A.I.D. SPECIFICATION 

moment. AND CAN BE MACHINED, FORMED OR 


MOULDED TO ANY SHAPE 


Manufactured solely by 
H. CLARKE & CO (MANCHESTER) LTD ATLAS WORKS  PATRICROFT MANCHESTER 


Tel. No.: ECCLES 5301-2-3-4-5 
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SENSITIVE AND STABLE 


VALVE VOLTMETERS 


by 


E.7556 


SENSITIVE 
F.S.D. readings range from 10mV to 300V roms. a.c. 





E.7556 





LEVEL FREQUENCY RESPONSE 


Only 2% (0.2dB) variation between 20 c/s and 1 Me/s. 


ACCURATE 


Absolute error is less than 4% over whole range. 





NEGATIVE FEEDBACK 
The calibration accuracy is precisely maintained in this 
valve voltmeter, and in the E.7555 series described below. 


BUILT-IN CHECK VOLTAGE 


A stable 10mV supply provides a quick and easy check of 
calibration. 


E.7555/2 


E.7555/2 


WIDE RANGE 


0.5V F.S.D. to 15kV, peak a.c. or d.c. (an alternative model, 
E.7555/3, with a range of 0.5V to 500V is also available.) 


BROAD BANDWIDTH 
Low level response constant within 2% from 30 c/s to 
100 Mc/s using probe. 


EXTREME STABILITY 
The high degree of feedback employed minimizes the 
effects of ageing and supply fluctuations. 


DIFFERENTIAL MEASUREMENT 


Provision is made for differential measurement of direct 
voltages and, at the same time, for the input resistance 
to be balanced to earth. 


\ oii, - 
Uu a 2 Mullard Write today for full information 
— 


on valve voltmeters and other instruments 








SPECIALISED ELECTRONIC EQUIPMENT in the Mullara range 


MULLARD LIMITED - EQUIPMENT DIVISION - CENTURY HOUSE - SHAFTESBURY AVENUE + LONDON - Wwe2 
(MI45§ REV.) 
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For sixty years Connollys have had the 







honour of supplying the ever increasing 
needs of electrical manufacturers using 
winding wires. 

Their new factory at Kirkby, the 

most modern of its kind in the world, 
has enabled them to extend very widely 
their range of products which now 
include paper covered, cotton and 
glass covered strips. 

Your enquiries will be welcomed. 
Samples gladly supplied on request. 


The largest manufacturers of 
fine enamelled wire in the world. 


—CONNOLLYS—Ciinctong theres 


CONNOLLYS (BLACKLEY) LIMITED., Kirkby Industrial Estate, Liverpool 
Telephone : SIMonswood 2664. Telegrams : ‘‘SYLLONOC, LIVERPOOL ” 
Branch Sales Offices : 
SOUTHERN SALES OFFICE AND STORES : MIDLANDS : 
23, Starcross Street, London, N.W.| 15/17, Spiceal Street, Birmingham 
EUSton 6122 MIDland 2268 
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Reception on six spot frequencies in the 
HF band and continuous tuning throughout 
the entire range, plus broadcast reception 









MARCONI 
RECEIVER 


TYPE CR 150/6 





SPECIAL FEATURES 


The performance of this receiver is of the @ Crystal control on any six spot frequencies throughout 

highest order and meets the requirements of the band with continuous tunable L.C. oscillator in 
addition. 

commercial telecommunication working in all @ Double crystal band-pass filters giving extremely 


good adjacent channel protection. 

@ Built in 500 ke’s crystal oscillator facilitates calibra- 
superhet. design and incorporates special filters, tion checking. 

reese caine @ De-sensitising circuit enables full or ial muti 
a noise limiter and a built-in, crystal controlled gn —- sbeggap nr vi wetiai03i - 
calibration oscillator. H.T. voltages are @ Power supply circuits in separate unit to avoid 
temperature changes. 

@ Suitable for cabinet or rack mounting, with easy 
servicing access. 


climates and conditions. It is of double 


stabilised to overcome mains fluctuations. 





Over 80 countries now have Marconi equipped telegraph and communications systems. Many 
of these are still giving trouble free service after more than than twenty years in operation. 


Lifeline of communication 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
Surveyed, planned, installed, maintained 


MARCONI!’S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX 





Partners in Progress with The *ENGLISH ELECTRIC’ Company Ltd. 
Lc 9 
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Craftsmanship 










For 50 years we have enjoyed a high 
reputation for our standard of per- 
formance, reliability and finish in 
the communication field. We have 
now, in addition, brought this skill, 
experience and craftsmanship to 

the development and manufacture 
of a wide range of electronic and 


nucleonic instruments. 








As originators of the Dekatron 
and other reliable cold cathode tubes 
and a variety of new electromechan- 
ical devices we feel that we are 
making a positive contribution 





to-the Instrument field. 


Consult us for all counting, scaling, 
timing and similar problems and com- 
ponents. 


TELEPHONES LTD 


22 Lincoln’s Inn Fields, London, W.C.2. Tel.: Holborn 6936 ‘ Works: Beeston, Notts. 





E267 
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MINIATURIZATION 





,, Finy valves and transistors demand tiny components to accompany them. Whether you are working on. 
23: _television for Bands III and IV, Band II Radio, computors, industrial electronics or test gear, these. ..::::: 
components will undoubtedly interest you. Deserving of special mention are the tiny BTS type 
i }-W. resistor measuring only 3” x }” and the type 400 metallised paper capacitor in its .. 
melt-proof cover. For those of you concerned with teopiediiantion, BTS, BTB 
and BWF2 resistors, YN-potentiometers and metal ‘ minicap ” cine : 
will be of special interest. To those of you engaged on 
Government contracts we should like to mention 
that the metal ‘ minicap’ capacitor and the type 

BTS and BTB resistors are type-approved. ..::: 
Send for samples and catalogues by . 
dropping us a line on your com- : 
pany’s letter-heading. 


DU BAER 


DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, LONDON, W.3 
Telephone: ACOrn 2241. Telegrams: Hivoltcon, Wesphone, London. Marconi Int. Code. 





















DON. 125A 
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EMITAPE 88 


The Magnetic Recording Tape 
used by the Experts! 






EMITAPE is used by the leading broadcasting organis- 
ations and for the recordings issued under the 

world-famous trade marks ‘His Master’s Voice ”’, 
Columbia and Parlophone. 


Special Features 
© HIGH SENSITIVITY 
© ANTI-STATIC. P.V.C. BASE 
© HIGH TENSILE STRENGTH 
© FREEDOM FROM CURL 
© EDITING LEADER 

& TRAILER STRIPS 


Prices : 


1200 ft. 7’ Plastic Spool 35/- 
600 ft. 5” Plastic Spool 21/- 


@etallic contact strip on 5” spool for auto-stop) 


Full particulars of Emitape and accessories 
obtainable from your local dealer. 


____._ TAPE ACCESSORIES 














Gummed Jointing Tape P.V.C. Tape Jointing Magnetic Tape Jointing | Non- Magnetic Scissors 
AP37 Price 6s. 6d. Compound AP77 Block AP46 Price 8s. | AP39 Price I6s. 
White P.V.C. Editing Tape Price 4s. 6d. H 











150 fe. Roll AP38 Price 4s. 6d. 





Manufactured and distributed by : | EXPORT ENQUIRIES for products 


F M H AL ES | mentioned in this advertisement should 
LJ eae & SERVICE LTD. be addressed to: — 


E.M.i. INTERNATIONAL LTD. 
$/ RECORDING EQUIPMENT DIVISION, HAYES, MIDDLESEX. HAYES, MIDDLESEX, ENGLAND 
TELEPHONE : SOUTHALL 2468 








ES.75 
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THREE PHASE RESIN CAST TRANSFORMERS 


The ‘Pentland’ Series of 
Resin Cast Components has 
been extended to include 
Three-Phase Transformers 
with ratings up to approxi- 
mately 4kVA at 50 cps. 
Correspondingly greater 
ratings are available at the 
higher frequencies. 

















Visit the 

T.R. and A.T.R. CELLS FOR RADAR EQUIPMENTS Ferranti 
The Ferranti ranges of T.R. and A.T.R. Cells cover the STAND No.44 
3 cm., 10 cm., and 30 cm. bands. Tunable and Broad at the 
Band types are available and a number of American 
Equivalents are manufactured. R.E.C.M.F. 

Exhibition 
FERRANTI LTD., CREWE TOLL, FERRY ROAD, EDINBURGH 5 ail 





London Office : KERN HOUSE, 36 KINGSWAY, W.C.2 
ES/TIS 
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On Top of every FD STER 


VOLTAGE REGULATORS 















Write today for 
our illustrated Broadsheet 
F.M.14. 


Soecialitta te Vyoenalable Faroe Kegulalioyg 'gugement 


FOSTER TRANSFORMERS LTD : SOUTH WIMBLEDON - LONDON S.W.19 


- A ‘LANCASHIRE DYNAMO HOLDINGS’ COMPANY 








VRI6 
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C’ Cores and ‘E’ Cores 
for transformers and chokes 





Rss 


NS 








* ENGLISH ELEcTRIC ’ ‘C’ Cores and their later development, ‘E’ Cores, are ideal 
: for use in open type transformers and chokes as well as the oil-filled or cast resin 

types. Their use enables the complete transformer to be up to 30% smaller 

and lighter. Made in a comprehensive range of sizes, most “C’ Cores are available 

from stock and normal requirements of ‘E’ Cores on a short delivery. 

Full details of ‘C’ and ‘E’ Cores are given in the latest edition of the 

‘ENGLISH ELECTRIC’ Designers handbook TF.229. Write to Transformer 
ales and Contracts Department, East Lancashire Road, Liverpool 10. 


GLISH ELECTRIC 


THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


S 
» 





Transformer Department, East Lancashire Road, Liverpool 10 


WORKS: STAFFORD © PRESTON - RUGBY : BRADFORD : LIVERPOOL + ACCRINGTON 
TFL.I6D5 
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POTENTIOM = 













° ° ‘ee 
Ceramic Insulation only— Helical 10 turn : 
P.X. 4/H.10 5 watts. t 
20 to 50,000 ohms i 

and approved for 3,600" + 3° 









Tropical conditions. 
Complete Ceramic Rings for 
strength. Also a large range 


of precision Toroidal-wound 





Also 
3 turn and 
tropical models. 


Potentiometers. 












Have you a copy of this catalogue? If not, write for 
list No. 212. 


P. X. FOX LIMITED, Hawksworth Road, Horsforth, Yorks. 


Tel: Horsforth 2831/2 Grams :_Toroidal Leeds | 
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” a New 


STABILISED POWER SUPPLY UNIT 
ror PHOTO-MULTIPLIERS 





Ediswan now have available a new stabilised power supply unit 
which has been specially designed to feed Photo-Multipliers. 
It is particularly suitable as a supply unit for Ediswan Mazda 
Photo-Multipliers type 27.M1, 27.M2 and 27.M3. 





BRIEF SPECIFICATION —Type R.1184 














aera T | OUTPUT STABLE TY | OUTPUT RESISTANCE RiP? LE 
: eee H C apnea —s 
High stability low ripple A 10% change in mains 
D.C. supply variable be- input voltage results in a 
200 — 250 v., 40-100 c.p.s. tween 300 and 1,100 volts. change of less than 0.1% | Approximately 1,500 ohms. Less than 0.01% R.M.S. 
Max. current 2 mA. Pos. between 1,100 volts and | 








or neg. may be earthed. 600 volts output. 


b-- i cassitpelibiaseciscidinsie salamat 





MOUNTING The Unit is suitable for standard rack mounting or for bench use. Bench Stands are available. 











als 
r{\y PRICE — £48 


Further information is available on request 


EDISWAN 


RADIO DIVISION - THE EDISON SWAN ELECTRIC COMPANY LIMITED 
155 Charing Cross Road, London, W.C.2. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
Member of the A.E.I. Group of Companies 





SPIIS 
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The full range of the # 
y World’s finest record 
playing equipment is 
exhibited on Stand 


64 


at the 


A F.E.C.M.F, EXHIBITION 


arviaia 


record playing units 






Q 
ARR GARRARD ENGINEERING AND MANUFACTURING CO. LTD. 
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The Cossor Double Beam Oscillograph Model 1035 
in use in the Research laboratories of Saunders-Roe Ltd., 
the famous flying boat manufacturers. 


In displaying the mutual effect of two related and variable 
quantities simultaneously the Cossor Double Beam 
Oscillograph is solving many of the fundamental problems 
with which the Research and Development scientist is 
constantly beset. In the Production field, too, there are 
innumerable problems capable of complete solution by 
this versatile instrument and every branch of industry is 
realising the enormous potential of this apparatus in the 
detection and analysis of faults and the accurate monitoring 
of manufacturing processes. 

The technical advisory staff of the Instrument Division is 
always at your service to help with your particular problem. 








%* In the Cossor Double Beam 
Oscillographs Models 1035 and 


1049, the two traces are presented 





on a flat screen of 90 mm. dia., and 
the amplifiers ‘are so calibrated 
that measurement of the voltage 
input as well as the time interval 
between various significant por- 
tions of the oscillogram is made 
possible. Permanent records for 
subsequent analysis may conveni- 
ently be made by attachment of 
Cossor Camera Model 1428, for 
which there is also a nine-speed 
Drive Unit Model 1431. 


The Technical Advisory Staff of the Cossor Instrument Division is always at your service. 


( () \ \ () R ELECTRONIC INSTRUMENTS 


Please address enquiries to 


Cl.68 


COSSOR INSTRUMENTS LIMITED (Dept. 14) HIGHBURY GROVE « LONDON ° N,5 


Telephone : CANonbury 1234 (33 lines 
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Cables : Cossor, London 
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HIGH DUTY VACUUM PUMPS 


TANK 





COOLING | 


| COOLING 
WATER WATER 
OUTLET INLET 


OPERATING CYCLE OF KINNEY VACUUM PUMP 
The plunger, moving in the direction of the arrow, rapidly 
creates space into which gas is admitted through the inlet 
valve. Simultaneously, gas previously trapped is being 
compressed. When the plunger reaches its highest 
position, air or gas and surplus sealing oil is expelled 
through the outlet valve and nozzle into the oil separator 
tank. There, the oil is retained and the air or gas dis- 
charged to the atmosphere. Further movement of the 
plunger closes the inlet valve and completes the cycle of 


operation. 


TO SEPARATOR 


NEW (DEAS SOLVE OLD PROBLEMS 





“te 


mm 
4 


KINNEY VACUUM PUMPS 
SHOW THE WAY 


Has it ever occurred to you that Kinney Vacuum 






Pumps might well solve your problems ? Cathode 
ray tubes, electric lamps, coated lenses and mirrors, 
drugs, foodstuffs, coated foils, condenser papers, 
electrical components—these are a few of the 
products now being made quicker, better and more 
profitably, thanks to Kinney Vacuum Pumps. 
Models VSD and DVD single stage (10 microns 
absolute pressure or better); model CVM double 
stage (0.5 micron or better), displacements 15 to 
700 c.f.m. Bulletins 
ror and 104 tell 


ENERAL ENGINEERING 
CO saociirre LT 


you all about them. 





GENERAL ENGINEERING CO. (rancurre) LTD. 


Station Works, Bury Road, Radcliffe, Lanes. 
Telephone : Radcliffe 2291 (3 lines) Telegrams : “ General” Radcliffe 


London Office : 3rd Floor, 9 Victoria Street, London, S.W.t. 
Telephone: Abbey 5278 
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Portable Wave Analyser 


THE WAYNE KERR MODEL A.321 











STAND 12 BLOCK C 















An audio frequency analyser 
of the heterodyne type to 
measure the relative levels of 
the components of a complex 
waveform down to —75 db below 
fundamental. 

It is light, compact and simple 
to operate and can be supplied 
either in a transportable 
case or for standard 19” 
rack mounting. 








\ 


BRITISH 
INSTRUMENT 
INDUSTRIES 
EXHIBITION 


Se ws 
FAR on 


June 28 -July9 1955 



















Specification 


FREQUENCY COVERAGE: 50—20,000 c/s in two 
ranges 


FREQUENCY STABILITY: Better than +1% 


INPUT LEVEL: Between —20 and +20 db relative to lmV into 
600 ohms adjusted by a 5 step attenuator and 
fine control of 0—10 d 
FREQUENCY Flat to within +1 4 over the whole working 
RESPONSE: range. 
LEVEL STABILITY: +/dbifmains supply voltage remains within +5% 
ACCURACY OF eT) gery 7 fundamental 
_—— o 


HARMONIC 
MEASUREMENTS: to —75 db + 10% 
or +1 db whichever is the greater. 


INPUT 100,000 ohm unbalanced (greater than 25,000 ohm, 
IMPEDANCE: balanced, can be supplied to order) 
SELECTIVITY: Constant over the frequency range. 2 stage crystal 


filter, mid band frequency 100 Kc/s. Flat top 
(+1 db) pass band extending over 10 c/s +1 c/s. 
HUM LEVEL: —55 db 
POWER SUPPLY: 110/115 and 200/250 volts 40/60 c/s 





POWER 

CONSUMPTION: Approz. 60 watts PRICE £250 NETT 
DIMENSIONS: In case 20” x 9” x 8° Immediate Delivery 
WEIGHT: 31 lbs. approz. 





THE WAYNE KERR. LABORATORIES LIMITED - NEW MALDEN -: SURREY : MALDEN 2202 
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It is acknowledged that vibration causes metal fatigue. 
Authoritative opinion is divided as regards the precise 
investigating approach to fatigue failure—whether the 
frequency of reversals should be high or low, and the 
amplitude large or small. 


To simulate a particular vibration mode under controlled conditions 
is to go a long way to discover the critical failure point. And 
Goodmans Vibration Generators do just that. For certain types 
of specimen, the standard range of models can be applied to obtain 
the S.N. Curve. Should this range not offer a solution to your 
particular problem or method of investigation, a modified 


arrangement might prove the answer. 


Our wide experience in the design and production of electrodynamic 
generators is at the service of Industry, and we welcome enquiries for 


specialised applications, with particular emphasis on fatigue testing problems. 





VIBRATION The present Goodmans range of Vibrators 
GENERATORS extends from a model developing + 300 Ib; 


to a midget with a force output of approxi- 
mately + 2 Ib. 


GOODMANS 


Full details on request to “ Vibrator Dept. E.”’ 





GOODMANS INDUSTRIES LTD., AXIOM WORKS, WEMBLEY, MIDDX. Telephone: WEMbley 1200 (8 lines) 
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Made to measure... 


The Gaumont-Kalee Flutter Meter 
is an instrument designed to measure 
small deviations from constant speed 
occurring in sound recording and/or 
reproducing machines. Consisting 
ofa narrow band amplifier, a limiter, 
a discriminator and detector, and a 
metering system, the whole unit is 
self-contained with its own power 
supplies. 

The instrument responds down to 
zero frequency and will therefore 
indicate accurately the lowest wow 
components present. The power con- 
sumption is 100 watts and the main 
characteristics of the instrument 


may be summarised as follows: 


Operating carrier frequency 

Minimum input signal 

Input impedance 

Input amplifier band width 

Effective limiter range 

Peak wow meter F.S.D. 

R.M.S. Meters F.S.D. 

R.M.S. Meters F.S.D. on divide by 5 range 
Cross over frequency 

Flutter meter response 


Wow meter response 
C.R.O. Output frequency response 
Analyser output frequency response 


C.R.O. Output Maximum signal 
Analyser Output for 1% peak to 
peak deviation 

Analyser output must be closed upon 
0.5 megohms 

All meter anes a 1 





3,000 c/s +5% 
100 mV 
0.5 megohm 

me db at 2,500 and 3,000 c/s 


ae — * ora zero) 
10%R 

0.2% R. M. r 

20 c/s +10% 

—3db at cross over 
—2db at 200 c/s 

—8db at 300 c/s 

—3db at cross over 
—Idb at 4 cycle 

Level down to zero frequency 
—2db at 200 c/s 

—2db at 400 cycles 
—Idb at } cycle 

150 volts Peak to Peak 


3.0 volts R.M.S. 











FAMOUS USERS 


of the 


buster. METER 


B.B.C. Television. 

E.M.I. Supplies Ltd. 

R.C.A. Photophone Ltd. 

Garrard Engineering & 
Manufacturing Co. Ltd. 

Truvox Ltd. 

Ministry of Supply. 

N.V. Philips’ Gloeilampenfabrieken. 
Holland. 

Post Office Research Department. 

Compagnia Commerciale di 
Cinematografia, Milan. 

Commision Supérieure 
Technique, Paris. 

N.Z. Broadcasting Service. 

Commonwealth of Australia, 
Melbourne. 

Wright & Weaire, Ltd. 








GAUMONT-KALEE 


METER TYPE 564 


Conforms to B.S. 1988: 1953 


btai: d from 





Full details of this equip t may be 


G.B-KALEE LTD e The Studio Dept. JS1/2/55 


Mortimer House, 37-41 Mortimer St., London, W.1 Telephone: MUSeum 5432 
A Member of the British Optical & Precision Engineers’ Group 





APRIL 1955 39 ELECTRONIC ENGINEERING 












Were 7 
¥ 


Marching 


sientions 
“Nc 
e 
La 
On ee YN 
‘s \\ 
cs » \ 
..three abreast a °’S 


APP 
\ e 
To keep abreast of the constantly growing demand in new fields for Gresham Trans- / 
formers the Company’s functions have been reorganised into three divisions—Power - 
Distribution, Special Applications and Electronics. Each Division is manned by specialist 
liaison engineers and designers, and all the technical and manufacturing resources of the 






















Gresham organisation are available to each Division. . 
POWER SPECIAL 
DISTRIBUTION APPLICATIONS ELECTRONICS 
DIVISION DIVISION DIVISION 


The transformers produced by 
this Division range from § to 
1500 kVA and are installed in 
Power Stations, Sub-stations 
and Rural Areds. The range 
includes the well-known LOFEL 
(low iron loss) transformers of 
5, 15 and 25 kVA rating. 





This Division designs and builds 
transformers for electric furnaces, 
motor body welding plant, high- 
frequency heating units, H.F. 
and V.H.F. transmitter rectifier 
supply, H.T. laboratory equip- 
ment, etc. Mobile sub-stations 
are supplied to the National Coal 
Board for mining use. 


The transformers and chokes 
used in  telecommunications, 
radar, electronics and instru- 
mentation are designed and 
made to stringent specifications. 
The types which have been 
granted Joint Services Approval 
are a feature of this Division. 











The knowledge and experience of the GRESHAM Specialists are 
as close to you as your telephone—ring FELtham 2271! (7 lines) 


GRESHAM \ 


\ TRANSFORMERS LTD 
SS 


BRITAIN’S LARGEST INDEPENDENT TRANSFORMER MAKERS 


E 15 



























HANWORTH 
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Germanium 





WwW 


The G.E.C. range of Germanium Diodes comprises high and low back 
resistance types for use as F.M. and television detectors and noise limiters, 
V.H.F. mixers, telephony modulators and in other specialised applications. 


Germanium Diodes offer many advantages to the designer 
and they are being increasingly specified for use as clippers, clamping 
diodes, etc., in modern electronic equipment. 


GEX 56 This high grade crystal which has only The hermetically sealed glass capsule construction 
recently become generally available is of special adopted by the G.E.C. is now universally recognised 
interest to the electronics engineer. It is a very high- as the only satisfactory form. No major design 

back resistance diode with a forward current of | mA change has since been found necessary, although 

at + IV, and a reverse current of less than 2 pA, at a continuous process of confinement and 

10 V, It is particularly notable for its stability under detail improvement has produced the stable, 

wide temperature variations. reliable and efficient modern product. 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 


® 
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6'0” Enclosed 
Standard 
Cabinets 














These superior enclosed Cabinets are 






available at an economical price, yet still 









maintain, to perfection, the excellent 






standard of material, craftsmanship and 









finish that has become a feature of 






the H. & H. range. These Cabinets may be 






used singly or, as shown below, in Unit 






Formation—in which case the protruding 












side panels are removed and the units 






bolted together. 










A Catalogue of H. & H. Cabinets, Rack and Cases, giving — 
details of the full range, is available upon request. 
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See our STAND No. 141, at the R.E.C.M.F. Exhibition 


Grosvenor House, London. April 19th to 2ist 1955 Unit Formation 


Hassette = lid 


REGENT PLACE, BIRMINGHAM, 
Telephone: CENtral 6418 (4 lines) 
LONDON: 140 PARK LANE, W.I 
Telephone: MAY fair 9651 (3 lines) 





CONTRACTORS TO GOVERNMENT DEPARTMENTS 
a 
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‘E*x.0 O m’* 


a new insulant for electronics 
W 





These valve holders, made from ‘ FLUON ’ polytetrafluoroethylene 
by The Edison Swan Electric Co. Ltd., demonstrate the remarkable 
insulating properties of ‘FLUON’ : 

Operating temperature range - 80°C. to 300°C. 


Operating frequencies 60 to 10° C.P.S. 
Power Factor 0.0001 
Dielectric Constant 2.0 

Water Absorption NIL 
Non-tracking 


Can ‘E"z.0 ON’ 
solve YOUR problems? 


**FLUON’ is the registered trade name of the polytetrafluoroethylene manufactured by I.C.1. 
Please ask for full technical data. 
IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1. 


P.566 
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Casting in Aluminium Alloy 
(approx. weight 386 Ibs.) 


C and L Hill LTD would welcome your enquiries for Non-Ferrous 
Sand Castings, Brass, Naval Brass, Brazing Metal, Gunmetal, 
Phosphor Bronze, Aluminium Bronze, High Tensile Manganese 
Bronze, High Conductivity Copper, “ Hilchil ” Chill Cast Phosphor 
Bronze Bars, Cored and Solid. Sand Castings in all Aluminium 
Alloys. Aluminium Gravity Die Castings. 


Hill facilities include 


Wood and Metal Pattern Shop. Fully Approved Laboratory and 
Test House with Inspection Organisation. Facilities for Radiology. 
Specialists in Development and Quantity Production of Castings 
for Radar. 


Design your Castings for SHELL MOULDING and save Machine 
Shop costs. 











MEMBER OF THE OWEN ORGANISATION 


You can support the B.R.M. 
through the O.R.M.A. (Owen 

i Motor __ Association) 
Members £1. 1. 0 per annum. 
Associate Members 5/-. Car Badge 
(full members only) £1.10. 0 extra. 
Full details from : THE SECRE- 
TARY, ORMA, KENT HOUSE, 
MARKET PLACE, OXFORD 
CIRCUS, LONDON W.1. Tele : 
Museum 8901-6 


ELECTRONIC ENGINEERING 





CO. .0LL LTD 


Stringes Lane, Willenhall, S. Staffs. 
Tel : Willenhall 227 (4 lines) Grams: Hill 227 Willenhall 
"Branch Works : Wednesfield Road, Willenhall. 
Both our Foundries are available for Prototype Work. 
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—for Smaller Production 
Quantities 





te SHEET AREA UP TO 28’ x 40° 





Type RA-4I1P OUTPUT—I5 PER HOUR 


TURRET PUNCH PRESSES 


give lower production costs 
—than by any other method 


The RA-41P combines the versatility, accuracy and 
high speed of the pantograph for rapid hole location, with 
the time saving features of the WIEDEMANN Turret 
Punch Press for quick punch and die selection. Up to 
20 low cost punches can be set up in the turret ready for 





OUTPUT—I10 PER HOUR 


instant use. : 
Maximum sheet size ... eee soo oes 28 in. x 40 in. ALL OPENINGS PIERCED 
Throat depth ... sie ae ae ses dee ... 28 in. IN TIMES SHOWN 
Capacity one és sa wk ce ue 15 tons P 
rf e The WIEDEMANN range includes small 
Punching Capacity... z amy " 074 ~~ sg _ Seubdimiail anedale wt oe lowe “ 
Ra gu cance ie operated machines of 80 tons capacity, capable 
Strokes per minute... .. wees es eee IS Of ering 6” holes in 3” plate. 


Write to Sales Department for detailed Catalogue 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams: ACCURATOOL HAMMER LONDON 
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A new idea in 


SHORT RUN TURNING! 


HALVE COSTS 
with the Hardinge HLV Lathe 






- PRECISION o GREAT RIGIDITY 
2cceesee “saad — a Mal. bearing ss or or a 
he dovetail bedplate £ a enue" carriage and } 









aoe 
CONSERVED 3 me 
SCREWCUTTING 
_» ACCURACY .. 
Gearbox“, 
3 and leadscrew for § 
% __Seremcutting only 3 







oe nee” 


FLEXIBILITY, 


y Infinitely 
* variable feeds 








% 
z Infinitely g 
& variable speeds to & 
if 3,000 r-p.m. 


‘> “<= is 


11” swing 
18/20" between centres 
1” collet capacity 


The HLV Lathe is 
supreme in the 


The Hardinge HLV Lathe represents an entirely new idea following fields : 


for short run turning, boring and screw cutting. Ask for 
our mobile demonstration unit to visit you—no obligation e INSTRUMENTS 
of course. e ELECTRONICS 
e DEVELOPMENT 
HARDINGE e SPECIALS 

e@ RESEARCH 

e RADAR 


Machine Tools Limited ag ae 


(One of the Sheepbridge Group) 
FELTHAM ; MIDDLESEX 


Telephone: Feltham 3221/5 Telegrams : HARDINGE Feltham 





age 
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EVERSHED & 
ACTON LANE 
Telephone Chiswick 3670 





APRIL 





EVERSHED 


EVERSHE 





WORKS 





1955 


MINIATURE RECORDER 


VIGNOLES 
CHISWICK 
Telegrams Megger Chisk London 






















WATCHING BRIEF 
introducing the 
new iintiien oat [ EVERSHED | 


The modern trend towards miniaturisation in industrial control 
equipment has led to the design and development of the Evershed 
Miniature Recorder. Illustrated below is a Control Desk recently 
supplied to the Grangemouth Refinery of Scottish Oils Ltd., on which 
38 recorders are fitted. They have also been supplied for the new 
British Petroleum Company’s Refinery at Aden. 

The Evershed Miniature Recorder has the maximum self-contained 
ranges of 500 v. or 10 amperes and will prove to be of great use to 
engineers and designers throughout industry. It is suitable for either 
flush or surface mounting or can, by the use of a leather sling, be used as 
a portable instrument. 

Although compact, measuring only 4}-inches wide by 6}-inches high 
and 9-inches deep, the recorder will give a continuous record for one 
month. The movement which is of the moving coil type is calibrated 
to B.S. 90—1940 requirements. 


FOR FULL DETAILS, WRITE FOR PUBLICATION EE 282 















LTD 
LONDON w4 
Cables Megger London 
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A NEW-PRINCIPLE 
A-G AUTOMATIC 
VOLTAGE STABILISER 


We have now had released to us by a Government Department the 
design of our ‘A.C. Mains Regulator, Automatic, Step, Mark II’’, and 
are therefore manufacturing this unit for general sale. It ideally fills the 
need for a cheap, small and light Stabiliser. Although it measures only 
84in. x 44in. x Sin., weighs as little as 11 Ibs., and costs only £24 net, 
it has a performance fully equal to any similarly rated Automatic 
Stabiliser of the resonated, saturated core type, without any of the 
disadvantages. 

ASR-1150 has a pure output waveform, is unaffected by changes in 
mains frequency, and works equally well from no-load to full load, 
which is 1150 VA. It has a stabilised output at 230V unless otherwise 
ordered. 

We can supply from stock Many other Automatic Voltage Stabilisers are now manufactured by 
us, and all are available for immediate delivery. In some cases the 
constancy of output is as high as 0.15%. Models are available from 
condensers, valves, poten- 200 VA to 30 kVA, single phase. 3-Phase Stabilisers are also available. 
Prices are extremely competitive. 





all types of American tubes, 


tiometers, etc. 


* MEMO ; If you are interested in in- The NE W “*ASR- | | 50 ded 
finitely-variable Transformers, do not for- 


get the almost indispensable “VARIAC” 


(Reg’d. Trademark). Models are available 

from 170VA to 21kVA. Our Catalogue costs only £24 net 
V-549 (3rd Edition) tells the whole story, 

and will gladly be mailed free and post 
free, on request. 

















CLAUDE LYONS LTD., 
Electrical and Radio Laboratory Apparatus etc. 


Head Office and Works: 76, OLDHALL STREET, LIVERPOOL 3, 
Southern Factory: VALLEY WORKS, WARE ROAD, HODDESDO 
(A.10 main Londcon’Cambridge Road, at Junction of A.602) 
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Designed with typical 





Plessey | thoroughness 





A FLEXIBLE AND RELIABLE 
INTER - CONNECTION SYSTEM 
FOR MULTI-LINE CIRCUITS 


Areliable, rapid and fool-proof method 
of inter-connection for multi-line cir- 
cuits has now been achieved by Plessey 
Design and Development through the 
introduction of a range of standardised 
Plugs and Sockets. This innovation has 
made possible a unit method of con- 
struction so superior in operation that 
it has become standard practice within 
the electronic and light electrical in- 
dustries. Typical examples may be seen 
in television transmitters, radar assem- 
blies, telephone exchanges and railway 
signalling systems. 


This Publication is available on request 

. if you would like further information 
regarding these and other multi-way con- 
nectors, Plessy Publication No. 741 is avail- 
able to manufacturers free on request. 























BRIEF 
SPECIFICATION 


Working volts— 
250 v. D.C. — Insu- 
lation resistance 100 
megohms at 500 v. 


Maximum current 
—2 amps at 250 v. 
D.C. Contact resist- 
ance—1 milliohm. 


Temperature range 
+70°C to —40°C. 


The plug is secured 
in the socket by a 
central clamping 
screw. Cables are 
firmly clamped to 
avoid strain. Plug 
contacts are chisel- 
type blades which 
tend to make the 
plugs self-ejecting 
from the socket on 
disengagement. 


THE PLESSEY COMPANY LIMITED, ILFORD, ESSEX. 
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A RETAINER 
SAVES TIME ... 
... AND MONEY * 


* THAT’S WHY THE 


Kieclvunator 
POLARSPHERE 
INCORPORATES 


SALTER 


"TRUARC 


' 
' 1 
| To Geo, Salter & Co. Ltd., West Bromwich. : TRUE: aIWAVI IN Ie IRS 
; Please send details and samples of Salter Retaining ; 
es : occcae 
| eee 
\ ame ' 
' 1 
i] 
' 


IF YOU WISH TO SOLVE 
YOUR FIXING PROBLEMS 
AS EASILY, JUST POST THE 
COUPON FOR DETAILS 














GEO. SALTER & CO. LTD., WEST BROMWICH 
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A cold-setting adhesive 
giving a permanent, 
truly structural bond 
between dissimilar, non- 
porous materials has 
uses in almost every industry. Reflect, if you will, 
upon the problems of joining glass to steel to 
provide joints that are durable even under 
tropical conditions, that are resistant to chemical 
attack and in tests to destruction show the bonds 
to be unimpaired. 





THESE ARE THE NEW EPOXIES! 





A subject for reflection 


Our photograph is of Ross-Ensign range-finder 
mirrorsin which glassis bonded tothe steel brackets 
with ‘Araldite’ Type 101. The Production Research 
department of this well-known British camera 
manufacturer reports “‘Araldite’ is used because 
of its adhesive properties, tenacity and lack of 
deterioration with age.” 

Today, ‘Araldite’ epoxy resins are speeding output 
and solving problems of design in many industries. 
For strength, durability and range of applications 
they are unrivalled. May we send you full details? 


‘Araldite’ (regd.) epoxy resins are obtainable in the following forms :— 

@ Hot and cold-setting adhesives for metals and most other materials in common use 

@ Casting and laminating resins for the electrical, mechanical and chemical engineering industries 
@ Surface coating resins for the paint industry and for the protection of metal surfaces 


‘Araldite’ 


AGE RAY MOLL ATRL 





Aero Research Limited sox:oro, camsrsnce. retephone: Saoston 187 
VISIT US ON STAND No. 99 AT THE R.E.C.M.F. EXHIBITION 
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smaller, /ighter Electric Motors..... 





Silicone Resins 








eer. G.I. 





Insulation made from I.C.I. 
Silicone Resins will withstand 
continuous operation at 180°C— 
making possible smaller, lighter 
equipment with greater electric 
and magnetic loadings for a 
given size. 


I.C.I. Silicone Resins are 
ideal for high-duty insulating 
varnishes, for bonding glass- and 
asbestos-served wire, for coating 
glass cloth, and for coil impreg- 
nation. 


I.C.I. Silicone Resins R.210, 
R.230, R.250, R.251, R.260 and 
SR.17 (a development product) 
are designed to meet differing 
requirements. 


They are all 
Resistant to moisture 
Chemically inert 
Excellent dielectrics 





1.6.1. Silicone Resins, Rubbers and Fluids for the Electrical Industry 


Enquiries should be addressed to 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 


N.22 L 
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There’s something 
about this soldier . . . 


He’s made entirely of injection mouldings. And 
all of these injection mouldings were made for 
well-known manufacturers by the lively lads at 


Lorival. 







A Cistern float, in polythene 


B Grommet, in polythene : 
C Separator guard, in polystyrene Z 
D Battery vent plugs, in polystyrene : 
E Toilet seat pillar, in polythene ° 
F Refrigerator cover, in polystyrene : 
G Dental display stand, in polystyrene . 
H Syphon mechanism, in polythene ° 
J Coat hanger, in cellulose acetate ‘ 
Lorival designers solve plastic problems speedily and =} 
economically. If injection mouldings can answer your = * 
problem — leave it to Lorival! a 54 
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LORIVAL LTD., LITTLE LEVER, NR.-BOLTON, LANCS 
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SILVERED MICA 


SILVERED CERAMIC 


Sllvered Mica Co 
Up to 10 ky. T, ondensers 


a ‘ 
Sey \ 
a ’ 
* 
% X 
¥ 
? 


* 
“ 
3 


ting Ceramic Tubular 


Temperature Compensa 00. Negative 750. 


Condensers. Positive | 


5 Catacon M. -—s er 
\ S to oR. GS. ey Svered Mica Sides 
Feed-through Ceramic Condensers 


Filter Type Sj ieee 
01 nk Ton Mica Condensers 


Ceramic High-K Tubular Condensers 
200 PF. to 01 mf fd. 


Type taiatere ome a 00 pendensers 


Type 1106 


Aen gpa 


LONDON ELECTRICAL MANUFACTURING CO. LTD. 


BEAVOR LANE ° HAMMERSMITH ° LONDON W.6 
Telephone : Riverside 4824 Cable : ‘Condenser London"’ 


Ceramic High-K Disc Condensers 
0 


500 PF. to ° | mfd. 
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In the Radio, Television and Electronic Industry, and 
in Power Stations and Factories there is an increasing 
demand for Multicore flexibles and cables. 


We are prepared to quote to any specification and our 
technical departments are only too pleased to give 
Manufacturers any assistance in designing cables for 
specific requirements. 


Multicore cables can be supplied with P.V.C., Polythene 
or V.I.R. cores and with P.V.C., Polythene or T.R.S. 
sheathing—with or without screened covers—and if 
necessary lead covered and/or ‘ ‘Corrusteel’’ armoured 


We carry a large and varied stock of Multicore Cables. M 


WANDLESIDE CABLE WORKS LTD. 














GARRATT LANE, WANDSWORTH, S.W.18. Phone: BAT. 2273 
London Office and Stockist: 30 Tottenham Street, Wi.1. Phone: LANgham 8317 
sana ee de SARMIRERRICS 
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(- —RILAYS 
announcing the 





























Pa A Relay of noteworthy dimensions, designed in size and per- 
a“ formance to suit present day electronic equipment. The new 
at 2400 Relay is available with twin light duty or single heavy duty 
contacts. 
When fitted with a 10,000 ohm coil, the pull-in is approximately 
4 milli-amperes; contact pressure and clearance have not been 
sacrificed to achieve this sensitivity. 
DIMENSIONS: Above chassis 24” high x 1” wide x 1%” deep. 
WEIGHT: 4} ounces. 


MAGNETIC DEVICES LTD 
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TUFNOL 


The material for 


THE ELECTRONIC AND RADIO ENGINEER 





TUF NOL is an electrical insulator used extensively where 
mechanical service is required in addition to the provision of insula- 
tion. It is available in various brands to suit individual requirements 
and in the basic forms of sheets, tubes and rods or specially moulded 
shapes. 


TU FNOL sheets can be up to approximately 46 inches square 
and 9 inches thick, tubes up to 46 inches long and 4 inches cross 
section and rods up to 46 inches long and 2 inches diameter (larger 
diameters available subject to special enquiries). Tufnol can be 
punched easily, speedily and economically and machined easily with 
the usual engineering tools to produce a wide variety of components. 
Alternatively, components may be produced to specification in the 
Tufnol factory. 


TUFNOL complies generally with the appropriate British 
Standards and Specifications of Government Departments. Most 
brands comply with R.C.S. 1000. “ Kite” Brand Sheet complies with 
B.S.2076: 1954 and B.S.1137: 1949. “‘ Carp” Brand Sheet passes 
all mandatory and optional clauses of B.S.972: 1941. “KITE” 
Brand tubes comply with B.S.1314, Type A: 1946 and B.S. 1951: 1953. 


Our technicians will gladly discuss your requirements on 


STAND No. 129 R.E.C.M.F. EXHIBITION 
Grosvenor House, London, W.!. April 19-21—1955 


TUFNOL LTD - PERRY BARR - BIRMINGHAM 22B 
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Photographs are by courtesy of H.M. Postmaster-General 
and Messrs. Barratts Photo Press Ltd. 


Ne. tf GCF A SERIES 


i Television ‘‘ piracy *”» — non-payment of licence fees — drains revenue from 
national resources and limits money available for development. To 
combat this, the G.P.O. now have a fleet of mobile detecting units through- 

GPO out the television receiving area of the country, each capable of locating 
the exact spot on which a television set is functioning. 
A Pullin microammeter is incorporated in the detector cars’ electronic 


apparatus, which was manufactured and installed by G. A. Priechenfried 
and Associates to a G.P.O. experimental design. 


In common with many Pullin measuring instruments used on switchboards, 
in laboratories, electronic equipment, aircraft, machine tools and a 

host of other industrial and commercial installations, this particular 
microammeter has a robust movement. It gives consistently accurate 
readings despite road shocks and engine vibration. Its dial 

illumination is a design exclusive to Pullin instruments and is suitable for a 
6 or 12 volt supply, making the scale easily readable, with a complete j 


television 
pirate 
absence of glare, in the dark interior of the vehicle. i 


* ; 
detecti on Have you the current Pullin catalogue ? It describes the complete M.I.P. 
range of portable and panel-mounting instruments, multi-range test sets, 
ohmmeters and relays. 













PULLIN 'INSTRUMENTS IN ACTION 


MEASURING INSTRUMENTS (PULLIN) LTD. qa 


Electrin Works Winchester Street Acton London, W.3 
Telephone : ACOrn 4651 (4 lines) 
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WATERPROOF 
O1L- PROOF 
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TYPE “NCC” TYPE “MC” TYPE ““VMC’’ 


vere “Ve” 


FLEXIBLE ELECTRICAL 
CONDUITS 


Supplied in four main types, summarised as follows :— 








PRODUCTS OF 
RESEARCH 

TEST AND 
PRECISION 
MANUFACTURE 


TYPE ‘“‘ NCC” Heavy duty type as supplied to the Services for cables subject to rough usage and exposure in 
severe outdoor conditions. Stands severe bending, and torsional movement. Supplied complete with required end 
fittings—attached specially to withstand pulling strains. Tough neoprene outer cover, or wire braided finish if 


desired. 


TYPE “‘ MC” Gives much greater flexibility than normal type of metallic industrial conduit. Outer covering 
of tinned copper braiding, affords full screening and electrical continuity between the end-fittings. Standard 


end-fittings and conduit threads. 


TYPE “ VMC” Generally similar to type ‘‘ MC ’’ but with an additional outer cover of PVC or Neoprene which 
gives added protection. Electrical continuity is maintained by the tinned copper braid immediately under the outer 


extrusion. 


TYPE “VC” A light type of extreme flexibility, covered with a smooth PVC sleeving. Electrical 
continuity can be maintained by means of a tinned-copper bonding wire between inner and outer 
covers. Standard end fittings and conduit threads. 


Enquiries to Dept. E.E. 


SUPERFLEXIT LIMITED 


TRADING ESTATE : SLOUGH . BUCKS 
Telephone : SLOUGH 2456! (5 lines) 





Wi} 


** Absolutely Water~ 
proof, } assure you '* 
The Superfloctopus. 
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The 


The 
scientific approach 
to 
vibration 


measurement 


D-489 MUIRHEAD-PAMETRADA WAVE ANALYSER 


ITH the Muirhead-Pametrada Wave Analyser the localization of obscure vibrations can be carried 
out systematically. Designed specifically for such measurements, this instrument covers a range of 


19*-21,000c/s with a frequency accuracy of +-0.5% over most of the range. 


Its high selectivity enables 


component frequencies close to one another to be measured; the flat top of the tuning characteristic 
can be varied to simplify measurements of fluctuating frequencies; and the 1/3 octave filter characteristic 


enables predominant vibration components to be rapidly located. 


there is a use for this novel instrument. 


In almost every branch of engineering 


FEATURES 


Operates as a tuned band-pass filter — not on the 
heterodyne principle. 


+4% over most of range. 


2 


Frequency accuracy 


High selectivity characteristic for greatest dis- 
crimination against adjacent frequencies.’ 


1/3rd octave filter characteristic for noise measure- 
ment or rapid localization of principal vibration 
components. 


Band-pass characteristic for measurements when 
frequency is fluctuating. 


Output frequency is that of selected component 
and is available for oscilloscope viewing. 
*Additional unit extends useful range down to 2c/s. 


THIS BROCH'URE 


VIBRATION MEASUREMEN 


VIBRATION MEASUREMENT AND 


WAVEFORM ANALYSIS 


AND 
WAVEFORM ANALYSIS 


FREE ON REQUEST 





MUIRHEAD & CO. LIMITED 


PRE Gos 1 ON ELECTRICAL INSTRUMENT MAKERS 
BECKENHAM..- KENT -« ENGLAND 
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TVR SACRE 











We take all the various PLASTICS materials and by dint of 
long experience and, we hope, some imaginative skill, turn them into 
the telephone case on your desk, the radio cabinet by your fireside, 
the instrument panel in your car and mdny other familiar things. And, 
Ww since our organisation is one of the largest of its kind 

@ 


in the world, our output is on a scale to satisfy 


Dut f the largest industrial enterprises 
0 





Sales organisation for 


BRITISH MOULDED PLASTICS LTD. Gita Wi h°d. C0 Sad 03 8 | eb 


Avenue Works, Walthamstow Ave, London, E.4 (Sales) LTD 
LARkswood 2323 
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ALLOYS AND GAUGES 





She Wolds Leading Manufacturers 


OF TELEVISION, RADIO, TELEPHONE AND ELECTRONIC EQUIPMENT PREFER 


Ersin Multicore 


—THE WORLD’S FINEST CORED SOLDER 


LIQUID AND JELLY FLUX 





THE 7 LB. REEL 
FOR FACTORY USE 
Prices on application 
For over 16 years Ersin Multicore Solder has been the choice of manufacturers 
all over the world. Its 5 entirely separate cores of flux prevent breaks in the 
flux stream; there are no wasted lengths of solder without flux and the risk 
of making dry joints through insufficient flux is eliminated. Savings can often 
be made when using Ersin Multicore 5-core Solder as an alloy of lower tin 


content can often by used with complete efficiency. 











Ersin Multicore Solder is supplied in all the 
usual Tin/Lead Alloys: 60/40, 50/50, 45/55, 
40/60, 30/70, 20/80. Other alloys are supplied 
to special order. Standard gauges are as follows : 
10, 12, 13, 14, 16, 18, 19, 20, 22, 24, 26, 28, 30, 
32, and 34s.w.g. 


FLUXES 

The A.I.D. approved type 362 flux, or even 
faster type 366 is incorporated in Ersin Multicore 
$-core Solder. The following types of flux are 
also available: N flux containing Pent&col ; 
3E flux, the original Ersin Flux formulation 
which has been supplied for more than 16 years ; 
R2 and R3 fluxes, Halide and Chloride free for 
modern production soldering processes calling 
for this type ; L flux, suitable for high-speed 
machines and particularly lamp production ; 
2L flux which is the same as L type but with 
only 2.2% flux content. 


SPECIAL HIGH AND LOW MELTING POINT SOLDERS 
Ersin Multicore is available in the following 
special alloys, all containing 5-cores of Ersin 
Flux. 

Type T.L.C. Melting Point 145°C. 

Type L.M.P. Melting Point 179°C. Avoids 
‘pick-up’ of silver when soldering ceramics. 
P.T. Melting Point 232°C. When lead-free 
solder is required. 

‘COMSOL. Melting Point 296°C. Extra high 
melting point soft solder with or without cores 
of flux. ; 


Bib wire STRIPPER AND CUTTER 
This handy tool strips insulation 






Ersin Flux is supplied in liquid form for dipping 
purposes when it is not possible to use cored 
solder. A high viscosity red jelly is now also 
available for processes where a flux with greater 
properties of adherence is required. Ersin Jelly 
Flux is M.O.S. approved for specific soldering 
purposes. 


SOLID SOLDER WIRE 
Multicore Precision-made Solid Wire is supplied 
to special order in all gauges, for the com- 
paratively few soldering processes where cored 
solder is unsuitable. 


PRINTED CIRCUITS 

A complete soldering process has been developed 
by the Multicore Laboratories, including a 
protective coating which has been specially 
formulated for the tags of components to be 
solder dipped. Ask for Special Information 
Folder Ref. PCL101. 


Bib recorpinc TAPE SPLICER 


This Splicer, which in- 
corporates many new 
detail refinements, en- 
ables recording tape to 
be jointed easily and 
accurately so that no 
breaks or “ clicks” in the 
recording are discernible. 


SIZE 1 CARTON 5/- (SUBJECT) 














twin flex. 
thicknesses 





without nicking the wire, cuts wires 
cleanly and splits plastic extruded 


Adjustable to most wire 
by the turn of a screw. 


3/6 each (subject). 








Ref No. | in Laas | 8 W.G. | SOP SES 
c 1614 60/40 | 14 | 21 feet | 
C 16018} 60/40 | 18 | 55 feet 

C 14013) 40/60 | 13. | 19 feet 
C 14016 40/60 | 16 | 38 fee 
































We shall be pleased to see 


answer questions about the Mas on Stand 69 at the R.E.C.M.F. Exhibition to 


If you are unable to do so 
get in touch with our Technic. 


MULTICORE SOLDERS LTD., 


ELECTRONIC ENGINEERING 


ulticore ran 
but would like up-t 


° ~ al Service 
to help in solving any soldering ie 


MULTICORE works, HEMEL HEMPSTEAD, HERTS 


64 





ge or show you the latest additions. 
o-date information, please 
nt, who are at your service 


* (BOXMOOR 3636) 








LATEST NEWS 


Recent Multicore deve 
ments include the introduction 


of SAVBIT allo ich j 
yY which in- 

Creases the life of soldering 

bits approximately 10 times. 
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NEW, HEAT-STABLE, WATER-REPELLENT 








ee 





SILICONE INSULANTS 








A NEW, LOW-LOSS, ELASTIC INSULATING MATERIAL 


Silastomer* 132 is a new stock for coating woven fabrics from solvent 
dispersion. Silastomer 132-coated glasscloth is extremely flexible and 
is available from 0-004 in. thick. An initial high electric strength 
shows no decrease after nine days at 250°C. Silastomer 132 dispersion 
is also used for coating electronic components. Send for Silicone 
Notes K 17. 


SILICONE RESIN-BASED CEMENTS 





These cements are ideal for coating wire-wound resistors and similar 
components. These coatings are easily applied and processed and will 
withstand operation up to 250°C. They show excellent resistance to 
moisture. Send for suggested formulations; Silicone Notes L 21. 
(Photograph by courtesy of Erie Resistor Co. Ltd.) 


SILICONE PRESSURE-SENSITIVE ADHESIVES 


These new adhesives retain their bond strengths from -55°C to 
250°C and have good dielectric properties. They adhere to metals, 
polythene, polyester resins, P.T.F.E., silicone components and, in 
fact, to all solid materials. Uses: pressure-sensitive tapes, bonding 
agents for fabricated parts. Send for Silicone Notes L 22. 


CORE-RETAINING COMPOUND F 4001 


A thick silicone grease specially developed for locking iron dust cores 

and other electronic components. F 4001 shows little change in 

consistency from —50°C to 200°C. Send for Silicone Notes C 23. 
(Photograph by courtesy of E. K. Cole Ltd.) 








Silicone Insulation Materials include varnished glasscloth and sleeving; glass/ 
mica, glass/asbestos, micanite, glasscloth and asbestos sheet and tubes; Silastomer 
tapes, cloth and sleeving; enamelled winding wire and insulated cables. For 
suppliers ask for Silicone Notes C19. 


%* Registered trade mark of Midland Silicones Ltd. 





Write for full information to 


MIDLAND SILICONES ww 


(associated with ALBRIGHT & WILSON LTD. and DOW CORNING CORPORATION) 


first in British Silicones 


19 UPPER BROOK STREET +» LONDON °* W.1 + TELEPHONE: GROSVENOR 4551 


TBW/Ms 45 
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The DALIC PROCESS of Electrodeposition provides 
a wide range of coatings on to most basis materials, 
including aluminium. It is particularly suitable for 
plating selected areas without stopping-off, for on-site 
work, and for plating assemblies or components which 
may not be immersed in plating solutions. 

For such non-decorative purposes as building-up worn 
or overmachined parts, the extremely high speed of 
deposition and the accuracy with which deposit thick- 
ness can be controlled are most attractive features. 
Deposits are characterised by low stress, extremely fine 
grain, perfect adhesion and complete absence of 
porosity. 

The DALIC PROCESS has received overwhelming 
acceptance by industry and recent installations have 
been made in the electronics, motor car, radio and tele- 
vision and armaments industries, in the Ministry of 
Supply, and in various research establishments. 





Sole Licensees for the British Isles 


METACHEMICAL PROCESSES LTD. | 
LONDON - 


13, STRAFFORD ROAD °- 


ET 


wore TE 


SLORY 


Renovating the zinc protective coating of a 
propeller blade on site at Air France. 





Characteristics of Dalic Deposits 


























cee | os | | ee. 
seine Pi ng of deposits : Ges 

Bismuth 1,250 50 7.6 
Cadmium 6,000 40 2.5 i 
Chromium 4,000 600 63 
Cobalt 1,500 250 7.6 
Copper 6,000 150 2.5 
Gold 2,000 100 6.2 
Indium 4,000 <i 2.5 
Iron 3,000 175 10.2 
Lead 5,000 20 3.8 
Nickel 5,000 500 5.1 
Platinum 3,000 200 1) ee 
Rhodium 3,000 500 70 
Silver 1,250 60 5.1 
Tin 5,000 1 25 
Zinc 3,000 70 3.8 
* Assuming the pad electrode employed were 





stationary. Since, in practice, it is moved over the 
surface being plated, this time should be increased 
by the area of the surface divided by the area of the 
pad. 


A practical demonstration at our laboratories will 
be given without obligation 


W.3 * ACORN 0131/2 
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A NEW TECHNIQUE IN HIGH SPEED 
WAVEFORM MONITORING 




































BANDWIDTH : 
10 kc/s to 300 me/s 


INPUT IMPEDANCE OF EACH PROBE : 
Approx. 1 pf (input element of variable 
capacity divider) 

MAXIMUM SENSITIVITY ? 

Full Scale Deflection for 1 Volt input 


TIME SCALE : 
Variable from .05 microsecs to 5 microsecs 


RECURRENCE RATE OF MONITORED WAVEFORM ! 
100 c/s to 10 kc/s 


CALIBRATION : 
Provision is made for accurate 
measurement of time and voltage 
scales of a waveform 


PREVENTION OF JITTER ; 
A circuit is incorporated 
for providing a stable 
display when a monitored 
waveform is jittering with 
respect to its driving pulse. 





HIGH SPEED RECURRENT WAVEFORM MONITOR TYPE 500 









The wide bandwidth and high sensitivity 
of the instrument as well as the very high input 
impedance result from the use of a sampling technique. 
During each recurrence a measurement is made of the instantaneous amplitude 
of one point in the waveform. This measurement is amplified and applied to 
the cathode ray tube as one co-ordinate of a graph of the waveform. During 
subsequent recurrences, instantaneous measurements are made of different 
points, resulting, after about 100 recurrences, in a complete graph. 


Please write 
for further 


information, ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 


METROPOLITAN -VICKERS 





Member of the AEI group of companies 


ummm [eading Electrical Progress 


R /E40I 
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See what you measure! 


The system is based on the use of unit instruments housed in cases of modular 
dimensions, — unit case being provided with holes arranged for its easy 

case with bolts. Thus may be built up a 
flexible assembly of co-operating oe to fulfil a number of specific 
requirements yet capable of being easily changed to meet altered circum- 
stances. yy Asa —— of individual units is assured by the design 
of frame members. Few problems requiring Cathode Ray Display cannot 
be met by the Unitel an which is extremely versatile by virtue of the 


yed. 
Cathode Ray units form the basic means of display and are available in 
single, double or four channel models each of which provides a self-contained 
wer supply f the necessary potentials to the C.R.T. These Cathode 
y units are available separately. A 10 in. C.R.T. unit can be obtained 

for "tectune demonstrations. 


NAGARD UNITEL SYSTEM 


A Camera unit is available for either single shot or continuous film working. 
Time Base units for either single, double or four channel working and 
covering a wide range of cablibrated sweep speeds are available for coupling 
to C.R.T. units. 

Y Deflection Amplifiers are also available in a wide variety of performance 
ranges each amplifier being complete with power supply. Careful design of 
penne gg amplifiers enables the number of units required and the space 

t 


di to the minimum, Single, double or four channel 
workings are available ; 3. six or more channels can be provided if necessary. 
A typical trolley-mounted two channel installation is illustrated. This 
assembly has two sets of double channel D.C. amplifiers giving alternative 
conditions of high sensitivity or wide band up to 10 mc/s. 

A wide range of units is available from current production ; special purpose 
units can be developed to meet almost any display problem. 





Tle Unitel Installation grows with you 


NAGARD 


ELECTRONIC ENGINEERING 


18, Avenue Road, Belmont, Surrey 


ViGilant 0345 
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A cordial invitation 
is extended to you 
to visit our Stand 
No. 46 during your 
attendance at the 
1955 R.E.C.M.F. Exhibition. 
The complete range 

of Painton Components 
will be — 

including 




















the Inter-Services 

version of the new 

PAINTON “* MULTICON ”’ SERIES 
of plugs and sockets and unitors, 

a selection of which 

are illustrated here. 


GROUND FLOOR 
N 
PLA +! 


orcthamfs ww Ongland 
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switch principles, this 





S 


the well-proved NSF-OAK rotary 






PECIFICALLY designed for the 


British market, and based on 


switch- 


type cascode amplifier television 


tuner reflects, once again, the 


consistently high quality for which 
all NSF-OAK products are 


Sole licensees of Oak Manufacturing Company, Chicago 


NSF LIMITED 


London Office: 9 Stratford Place, W.| 


KEIGHLEY 


YORKS 


Phone: Mayfair 4234 


UNE 


The 
release of 


the Oak 12K 


switch type 
television 
tuner 


renowned. Two models are now 
in production, the 12K13 and 
the 12K14 (with provision for 
U.H.F. reception), both of which 
cover all 13 channels in Bands I 
and III. 

Manufacturers can obtain full par- 


ticulars on application. 


‘ 
Soak 
ae REE 
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Dielectric 


Measurements 


in 


Waveguides 





32/1640 32/1630 


For measurements of dielectric constant and 
loss angle to a high order of accuracy, we 
offer instruments in Waveguide No. 16 
(0°-4" x 0:9” i.d.). 


TWO MODELS ARE AVAILABLE : 
¢ ITEM REFERENCE 32/1640 


Is manufactured from a standard length of wave- 
guide, the overall accuracies being -- 0.001”. 


¢ ITEM REFERENCE 32/1630 


We manufacture from solid material 
accuracy of + 0.0005”, 


to an 


Similar instruments can be manufactured in other sizes 
of waveguide. 
We will gladly quote for your special requirements : 


MICROWAVE INSTRUMENTS LTD. 


WEST CHIRTON INDUSTRIAL ESTATE, 


NORTH SHIELDS, NORTHUMBERLAND, 


ENGLAND 


N. Shields 3606/7 
Microwaves N. Shields 


Telephone : 
Telegrams : 
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Transmitter designers are now offered a complete 
range of V.H.F. tetrodes by Mullard. 
These high efficiency, high gain tetrodes make 
TETR fi possible the design of transmitters with fewer valves 
Wi and, consequently, reduced initial cost. 
% a e The higher overall efficiency of equipments fitted with 


Mullard tetrodes results in lower running expenses— 
FOR EM. & TELEVISION TRANSMITTERS a factor in the growing popularity of these valves inthe 
world market. Further details 
of these tetrodes and other 
Mullard valves and tubes may 
be readily obtained from the 
address below. 


















PRINCIPAL CHARACTERISTICS 





















































































MULLARD AMERICAN CV HEATER [V Powers ND 
, max. | Pp, max. RS AND 
TYPE No. | TYPE No. | TYPE No, | DESCRIPTION atein i ns be o-oo + 
(V) (A) (Vv) (W) (W) (Mc/s) 
: V.H.F. Power 42 60 
QV06-20 6146 CV3523 Teircile Octal 6.3 1-25 600 20 20 175 
V.H.F. Power double 63 1:3 39 200 
QQV03-20A 6252 CV2799 + seine B7A 12-6 0-65 600 2x10 15 600 
V.H.F. Power double 6: 1-8 72 200 
QOQV0E—40A 5894 CV2797 Taine B7A 12-6 0-9 600 2x20 45 500 
V.H.F. Power ? F 
QY3-125 4-125A CV2130 » adeta BSF 50 65 3000 125 300 120 
V.H.F. Power 
QY4-250 4-250A CVv2131 Tacode BSF 5-0 14 4000 250 800 75 
V.H.F. Power 156 165 
QVI-ISOA 4X-150A CVv2519 Tetrode BSF 60 26 1250 150 112 500 
V.H.F. Power Special : > 3300 75 
QY5-3000A 6076 _ Tetrode 4-pin 63 32:5 5000 3000 #3500 220 
#2 Valves in push-pull. Television service. 








MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., 
CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 


MVT.169 
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Commentary 


HE demand for coal has risen rapidly during the past 

years and one cause has been the increasing demand for 
electrical energy. Figures recently published by the British 
Electricity Authority show just how phenomenal has been 
the demand for electrical energy in this country. 

From a mere 5 600 million units in 1925 the annual demand 
rose to about 30 600 million units in 1945—a five-fold increase 
in twenty years. The growth has continued in the post-war 
years and at the end of last year the demand was about double 
the 1945 figure—some 60000 million units. Yet the end is 
not in sight, for it is estimated that in 20 years’ time the 
demand will be some 34 times the present level. 

Practically all this energy is produced by the coal fired 
power stations and unless some alternative source of energy 
can be found, and found quickly, the prospects of Britain’s 
survival as an industrial power would indeed be very bleak. 

Not a moment too soon, therefore, comes the announce- 
ment of the Government’s plans to build twelve nuclear power 
stations during the next ten years, with a total capacity of 
13-2 million kilowatts, and at a cost of some £300 million. 

As is already known, an experimental power station is in 
the course of construction at Calder Hall in Cumberland, 
at a cost of £15-£20 million, to produce electrical power on a 
large scale from this new source, and this station will form the 
basis of the design of the future nuclear stations. 

During the next ten years two types of reactors are likely 
to be brought into use on a commercial scale. The first—an 
improved version of the Calder Hall (gas cooled) type— 
could be designed and brought into operation within the 
next four years. This type will burn only a small proportion 
of the natural uranium as fuel but will produce, as well as 
heat, the valuable by-product of plutonium. 

The second type of reactor will almost certainly be liquid 
cooled and will be more efficient in that it will produce more 
heat from the same amount of fuel than the gas cooled type, 
for the same capital cost. 

It is proposed that constructional work will start on two 
Stations of the Calder Hall gas cooled reactor type in 1957 
and that they will be in operation during 1960-61. These will be 
followed by two more stations using improved gas cooled 
reactors in 1958-9 to be completed in 1963 and the four 
stations will have an output of from 400000 to 800000 
kilowatts. 

_The second stage of the construction of the remaining 
eight stations, probably with liquid cooled reactors, will 
start in 1960 and, when completed in 1965, will have an 
installed capacity of well over 1 million kilowatts. 

The stations will be built by private industry for the Elec- 
tricity Authorities who will own and operate them, but the 
Atomic Energy Authority, as the only body with the necessary 
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experience, will be responsible for giving technical advice on 
the nuclear plant, since British industry as yet has no experi- 
ence of nuclear technology. 


* * * 


Two men, each of whom has, in his own way, made out- 
standing contributions to the advancement and understanding 
of our science, have died recently. 

One—an American—was a brilliant mathematical physicist 
while the other—British—was of lesser education yet possessed 
of an extraordinary inventive mind. 

George Ashley Campbell who died in November of last 
year, joined the American Bell Telephone Company in 1897 
at a time when the problems of telephone transmission were 
little understood. He had just returned from four years of 
study at various universities in Europe and his first task was 
bs find some method of reducing the attenuation of telephone 
ines. 

Familiar with the work of Heaviside, Campbell was able to 
develop the theory of loading, but there followed one of 
those coincidences, which all too frequently happen, in which 
the same result was arrived at simultaneously by another 
investigator—in this case Professor Pupin, at Columbia 
University. Pupin was adjudged the originator on the basis 
of earlier conception but Campbell pursued his studies on 
loaded lines and eventually arrived at the electric wave filter 
which was perhaps his greatest contribution. It opened the 
way to the carrier current system of telephony and from 
this has developed the multi-channel radio telephone and 
carrier systems of today. 

Donald Macadie who died in February of this year had 
none of the brilliant academic background of Campbell. 
Born in 1871 in Scotland, he came to London at an early age 
and joined the Edison Bell Phonograph Company, later 
transferring to the National Telephone Company. When the 
latter firm was absorbed by the Post Office he was given an 


‘appointment at the Birmingham Post Office Factory and he 


remained with the Post Office until his retirement in 1935. 

Macadie had a remarkable inventive ability and he pro- 
duced a number of ingenious devices which are now in 
common use throughout the world. He was largly responsible 
for the design of a machine used to sort out the millions of 
Postal Orders returned after cancellation and, in addition, he 
developed an automatic coil winding machine of great 
flexibility which formed the basis of the present day designs. 

Yet his fame probably rests on what is by comparison a 
much simpler device—namely the first combined multi- 
range ammeter voltmeter and ohmmeter which subsequently 
became known as the Avometer. 
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A High-Speed Revolution Counter 


By E. L. Harrington* 


The instrument described herein has been designed for measuring the rotational speed of gas turbine 

engines to within + 1 rev/min at 20000 rev/min. It operates by counting a frequency proportional 

to speed over a one second sampling period, and at sampling intervals of three seconds. An un- 
usual feature of the equipment, apart from accuracy, is the flexibility of the control unit. 


TS progress of engineering has always been largely 
dependent on new instrumentation techniques. With the 
arrival of the turbine in aero engines, there has been a call 
for more accurate and faster response instruments with 
wide ranges of measurement. On the particular problem 
of rotary speed measurement many papers have been 
published’*’. For research gas turbines and compressors 
running at high speeds, where the characteristic of thrust 
against speed lies between a cubic or quintic curve it is 
important to know the speed accurately. 


Consideration of Techniques 

A specification for the instrument to meet all research 
requirements would read as shown in Table 1, columns 
(a) and (b). 

















TABLE 1. 
(a) | (b) (c) 
PERFORMANCE 
PARAMETER DESIRED PROPOSED 
Reliability .. Absolute Good 
Accuracy Absolute +1 ; 
Range 0 to 20 000 1 000 to 20 000 
rev/min rev/min 
Response Instantaneous Within 3sec max 
Answer Direct reading Direct reading 
Display | (In duplicate if (In duplicate if 
required) required) 
Recording .. | Photographic Photographic 
With camera 
4 | synchronizing 
contacts 
Simplicity of 
operation Fully automatic | Fully automatic 
Simplicity of | 
technique Absolute | Not very simple 
Simplicity of | | 
construction 
and mainten- 
ance y Absolute | Fairly good 
Ground/Flight 
operation Both | Either 











The decision on measuring techniques was settled by the 
accuracy requirement. Counting is the only practicable 
method which approaches absolute accuracy for measur- 
ing a continuously variable number. Having decided on a 
counting technique using Dekatrons**, the remainder of the 
proposed specification was largely predetermined. 

Some consideration remains for the automatic operation 
of the equipment in order to relieve a flight test observer 
of added responsibility, and on the ground to avoid inept 
operation. Laboratory experiments showed that it was pos- 








* The Bristol Aeroplane Co. Ltd. 
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sible to read a random 5-digit number displayed on 
Dekatrons in 2 seconds, but impossible to do this in 
1 second. Since the number to be displayed would not be 
random, but invariably have a pattern such as 12579, 
12581, 12582, etc., with probably only the last two digits 
varying, a 1-8sec reading or display time was allowed. 
This with a 0-2sec reset period, and lsec counting period, 
gives a 3sec duty cycle for the instrument, and accounts for 
the “ 3sec maximum ” response time in Table 1, column (c). 
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Fig. 1. Basic frequency counter 
The Functional Diagram 

The simplest form of revolution counter is shown in 
Fig. 1. It employs a timing standard of nc/s followed by a 
scale of n divider which produces lsec timing pulses 
These timing pulses open and close a gate, thus controlling 
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the flow of signal pulses from a source or transducer device, , 


to an indicating counter. There is no provision for resetting 
the indicator, nor for adjusting the duty cycle. To perform 
these two functions, a control unit is inserted between the 
scale of n divider and the gate. 

A particular control unit function is defined by Fig. 2. 


The unit receives two trains of Ip/s signals on separate © 


channels, the pulses on channel A being delayed by 0-2sec 
from those on channel B. Pulses on channel A operate a 
three-state circuit and are also fed to switch the gate. The 
three-state device and a following time delay together block 
off one pulse out of every three applied to the gate; it is 
arranged for the gate to be open for one second and shut 
for two seconds. It should be noted that the exact value of 
the time delay is not at all critical, and hence a slugged 
relay will suffice. Reference should be made at this point 
to the timing sequence diagram in Fig. 3. 
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The pulses on channel B are fed to a circuit which is 
required to provide the reset signal to the display unit at 
0:2sec before a count period. The reset circuit is held 
quiescent until the one-second period before the count 
period. It thus ignores the triggering pulses on channel B. 
When the three-state circuit is in the condition immediately 
preceding the count period, it prepares the resetting circuit 
for action. This action is triggered by the channel B pulse, 
and is only possible when a channel B pulse occurs during 
the “ reset” condition of the three-state circuit. In the fore- 
going it has been assumed that the pulses in channels A 
and B are perfectly synchronous and lack coincidence by 
0:2sec. This is so, and is simply achieved, as shown later. 


Time Seconds Time Seconds 
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Detailed Circuit Techniques 

The circuit diagram is shown in Fig. 4. 

A ikce/s crystal was chosen as a frequency standard. 
This permits direct scale-of-ten dividing to derive the 1sec 
timing pulses. The crystal is not temperature controlled, 
but has been cut to give an accuracy of 1 part in 20000 
at 20°C. By suitable padding with negative temperature 
coefficient capacitors it is estimated that the error due to 
the crystal can be made negligible over a temperature range 
of +40°C to — 60°C. 

The last stage (V,) of the scale-of-1 000 divider uses 
a valve type GC10/4B, which is capable of giving an out- 
put at the 8" and 10 input pulses. Thus the 8” output 
cathode k, provides the channel B pulse 0-2sec before the 
10“ cathode k, provides the channel A pulse. 
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The indicator unit showing the counter tubes at the top 


A valve type GS12C is used as the three-state circuit V,. 
This valve has 12 output cathodes, every 3"! one being com- 
moned, to form three groups of four cathodes. The ko 
cathode circuit, R,,, simply forms a waiting period while 
the count is in progress. The next, k., cathode circuit in 
time (and position), R,,, raises the grid potential of V,,» 
causing it to conduct heavily and energize relay B. This 
relay removes the trigger pulse from V, to the gate pair 
V,.2, V;,, and since the relay has a delayed release, the gate 
misses the pulse which it should receive at the instant V,op 
is de-energized. The gate is left shut, V,,. cut off, and the 


Two views of the control and power units 
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GS12C (V.) third cathode circuit, k;, is now energized, 
Rs, Rs: The 3°! cathode of V, now raises the grid of 
V2 to the point of conduction. V,,. does not conduct until 
it receives the B channel pulse, 0-8sec after it received the 
preparation signal from V,. This time is also 0-2sec before 
the preparation signal disappears. Thus V,,. is caused to 
conduct heavily for a time of much less than 200msec, and 
in doing so energizes the operating winding of relay A. 
One pair of relay A changeover contacts remove an earth 
from the guide bias circuits and common cathodes of all the 
GC10D indicating Dekatrons, and take these electrodes to a 
positive potential. The glow discharge can then only be 
maintained on: the output cathodes of the indicator 
Dekatrons. 

The function of relay B is not only to block off every 
third-gate operating pulse. It is also the “camera” relay, 
one pair of contacts, not shown, being brought out to a 
socket and providing a camera synchronizing signal at the 
correct time in the duty cycle. 

Two modifications were introduced to the basic design in 
the light of customer experience. One of these was a test 
switch, S,, which removes the signal produced by the 
transducer and supplies in its place the 1kc/s frequency 
standard to the gate circuits. The other modification is a 
“hold” switch, §,, which in series with a pair of relay B 
normally open contacts, short-circuits the output of V, 
in the second division stage of the control unit divider. 
Thus when S, is operated and the “camera” relay made 
the cyclic controlling sequence will stop with the latest 
result displayed on the indicator. 


Starting Sequence 

The foregoing operation sequence will only be performed 
if it starts in the correct manner, i.e. if the sequence starts 
on the “ wrong foot” then the gate may be open for two 
seconds instead of one. To fulfil the requirements of a 
correct sequence, two conditions are necessary, and suffi- 
cient, viz, the gate must be shut and the GS12C (V,) three- 
state circuit must be in a corresponding position. The 
gate is held shut when its power supply is energized, by 
asymmetry of the grid resistors, R;,, R;,, the former being 
made lower to ensure that V,, is cut off. The start condi- 
tion of V, is that the glow initially occurs on cathode k., 
R,;, since this cathode is highly negative. When the glow 
of V, invests kc, V, » conducts and holds off any random 
disturbances to the gate pair. 

It is worth noting at this stage that the control unit is of 
such a form that the three-state circuit, V,, may in fact 
have any number of states within the valve limitations, 
ie. three to twelve. Also the duration of the states of V, 
may be simply altered by changing the cathode connexions 
on the valve itself. A proposed development of this instru- 
ment in order to read 100000 rev/min will have a six- 
second counting state, a three-second display state, and a 
one-second reset state. This will be achieved by plugging 
into the socket now receiving V, (GS12C) an appropriately 
connected valve type GS10C. 


The Transducer 

In order to measure a speed of n rev/min to an accuracy 
of +1 and use a sampling period of one second, it 
is necessary to generate nc/s at nrev/min. Hence the trans- 
ducer or tachometer generator must generate 20kc/s at 
an engine speed of 20000 rev/min. 

Aero-engines are normally fitted with a three-phase tacho- 
meter generator which runs at either 4 or 4 engine speed from 
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an accessory gearbox. These generators drive sets of tacho- 
meter indicators which are used for approximate indication 
of speed. The tachometer indicator consists in part of a 
synchronous-induction motor, i.e. a three-phase motor with 
a permanent magnet rotor and a copper cage. Such a con- 
struction gives the good starting characteristic of an induc- 
tion machine, and a synchronous running characteristic. 

To form a suitable transducer, such a motor unit was 
taken, and fitted with a disk having 240 peri- 
pheral slots. The factor 240 is comprised’ of 
4 (for the engine gearbox) times 60 (pulses per revolution). 
The slots are each about 0-018in wide, and light from an 
ordinary 2 watt dial light is focused on to them by a single 





The transducer assembly 


lens. A germanium photocell receives the gated light, and 
produces a sinusoidal signal of about 2V peak-to-peak at 
all conditions. Some modulation of the signal envelope is 
inevitable, and is composed of about 10 per cent at 100c/s 
and some 5 per cent at disk frequency, the latter being due 
to irregular cutting of the slots. Since the signal is finally 
limited this modulation is of little consequence. The major 
difficulty anticipated was that of hunting of the motor 
when attempting to following a sudden change in engine 
speed. Damping is present in the form of eddy currents 
in the machine rotor bars and windage of the slotted disk. 
Tests have shown that no overshoot results from a step 
change in speed, and the total recovery time for a sudden 
change of 1000 motor rev/min (4000 engine rev/min) is 
about 100msec. Hunting does occur at low engine speeds, 
less than 3000 engine rev/min where the synchronizing 
torque between motor and generator is also low. It is pro- 
posed to attempt viscous damping of future transducer 
motors if necesary, but the worst error introduced by hunt- 
ing seems to be about +2 rev/min. 


Power Supplies 

Two major decisions, i.e. the function of the control 
unit, and the use of Dekatrons, leave little choice in circuit 
design. The sole remaining problem is the power supply. 
All lines except the 6:3V a.c. must be stabilized, and the 
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supplies decided on were: 


+390V Dekatrons 

+310V Trigger Tubes 

+240V General Thermionic Valves 
—75V General Bias 


Considerable efforts were made to simplify the power 
supplies. The bias supply is esential and no advantage is 
gained from changing its value. It was decided to series 
valve stabilize the 240V line for general thermionic valves, 
and to use this voltage as a reference level, adding to it 
150V for the other line. This arrangement gives all the 
desired supply voltages with a minimum number of valves. 
A metal rectifier was chosen for the bias supply, since it 
has no warming-up period, and thus the bias is available 
before other voltages. This condition is necessary to fulfil 
the starting arrangements of the timing sequence, as shown 
previously. It was also necessary to use an indirectly heated 
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POWER SUPPLY 
Fig. 5. The power supply unit 


main rectifier valve V.,,, and use the thermal time-constant 
of this valve to delay the application of d.c. to the power 
supply stabilizer. The d.c. output of the stabilizer will not 
then tend to overshoot on switching on and cause the 
trigger tubes to fire and upset the starting conditions. 

The circuit diagram is shown in Fig. 5. For a flight 
power supply, three single-phase 400c/s transformers are 
used, with an appropriate change in filter and reservoir 
capacitors. 


Construction 

The complete equipment is housed in two cases, an 
indicator for remote viewing, and a case containing the 
power supply, transducer and controller. These latter units 
are assembled on a front panel which is withdrawn from 
a case for servicing. Each unit is detachable and inter- 
changeable for replacement purposes, this condition apply- 
ing to all units for flight or ground operation. It is possible 
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to attach a test lead to any point in the circuit, and a solder. 
ing iron can be manceuvred inside the equipment with 
reasonable care. 

Construction has been carried out in general to R.S.CS, 
standards, material supplies permitting. The proportion of 
high stability and/or close tolerance components is 10 per 
cent, but production experience would be required to deter- 
mine whether this allows a suitable safety margin. Valve 
interchangeability is considered satisfactory, the equipment 
performs reliably with all thermionic valves +20 per cent 
and —40 per cent of normal rating. A problem of parallax 
error on the indicator unit was considerably reduced by 
placing the engraved number panel in the same plane as 
the dekatron glow discharge, and designing the case so that 
when mounted in a panel the number plate was also in the 
plane of the panel. 
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APPENDIX 
NOTES ON TEST TECHNIQUES 
The accuracy of the instrument tested as a frequency 
meter devolves on the crystal frequency and the minimum 
resolving time of the counter. If the crystal is accurately 
set up then two simple tests are sufficient to determine the 
performance of the equipment. 


(a) Gate Timing Accuracy 


It is considered necessary to check the accuracy of the 
timing circuit in view of the relatively slow rate of change 
of voltage available from trigger tubes®. The error to be 
considered is the randomness in time of the gate opening 
and closing events. A slight unbalance deliberately inserted 
in the gate valves will cause an output pulse due to change 
of state under no-signal conditions. This pulse is differen- 
tiated and applied to one beam of a double beam c.r.t. 
The other beam is excited by the crystal at 1 000c/s, the 
time-base being locked to it with a 1 000usec sweep. With 
a reasonable sweep length, say 6in, a randomness of 10usec 
in gate timing is detectable, and this order of sensitivity is 
sufficient for our purposes. 

(b) Counting Accuracy 

The obvious method of testing the counter, that of 
making it count its own frequency standard, is not very 
satisfactory since the timing standard is 1kc/s and the 
maximum signal frequency is 20kc/s. It was, therefore, 
decided to generate 20kc/s and 1kc/s synchronous signals. 
These were fed to the indicating and timing circuits respec- 
tively through phase shifting networks with a 360° cover- 
age at 20kc/s. It was found that over a wide phase range the 
counter would indicate 20kc/s, that the minimum resolving 
time of the counter was less than SOusec, and that the upper 
frequency limit was correspondingly above 20kc/s. 
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Some Aspects of V.H.F. Sound Broadcasting 
and F.M. Broadcast Stations 


(With Reference to the Performance of the BBC’s Wrotham V.H.F. Station) 


(Part 


By P. A. T. Bevan*, M 


F.M. MODULATORS 

The performance of an f.m. transmitter is chiefly 
dependent on that of its f.m. modulator. Until recently 
the most generally used method of effecting frequency 
modulation at the transmitter was the so-called “ direct” 
method, most variations of which use a frequency 
modulated LC oscillator whose centre frequency is then 
accurately stabilized in relation to the fixed frequency of 
a crystal controlled oscillator. The choice of system and 
detailed design of all f.m. modulators is considerably 
influenced by the practical requirement that the modulator 
must be capable of being set to operate at any assigned 
frequency within the band without making radical changes 
to its circuit. A good example is the modulator developed 
by Standard Telephones and Cables for use on Band 2 
and which will be used at certain of the BBC’s new 
stations. A block schematic of this modulator is shown 
in Fig. 5. It consists of a push-pull LC oscillator, tuneable 
over the range of 4:86 and 5:55Mc/s, which is frequency 
modulated by a push-pull reactance valve modulator 
driven from the audio input amplifier. The frequency 
modulated output of the oscillator is passed to two buffer 
amplifiers. One amplifier drives a standard frequency 
multiplier which multiplies by 18 to raise the frequency 
to the range 87°5 to 100Mc/s, while the other amplifier 
provides the output for the centre frequency stabilizing 
chain. For this chain the frequency of the LC oscillator is 
first brought to a standard value of 7°5Mc/s by mixing 
the output of the amplifier with that of a crystal oscillator 
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Fig. 5. Block schematic of 
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Operating at a frequency in the range of 12°36 to 
13‘05Mc/s, the selected frequency depending on the 
assigned frequency of the transmitter concerned. This 
frequency is then divided by 500 in a standard frequency 
divider to give an output frequency of 15kc/s. This output 
is passed to a balanced modulator and compared with the 
fixed frequency of a 15kc/s reference crystal oscillator of 
high stability. 

The balanced modulator gives a two-phase output at 
any difference frequency which exists due to drift of the 
modulated LC oscillator, which operates a small, very 
slow speed synchronous motor mechanically coupled 
through reduction gears to a trimming capacitor in the 
anode tuned circuit of the LC oscillator. This capacitor 
is thus moved by an appropriate amount in the right sense 
to correct the centre frequency of the modulated LC 
oscillator. The system is capable of maintaining the 
centre frequency correct to within 500c/s in 100Mc/s. 
Failure of the automatic control circuit does not pull the 
LC oscillator off frequency and the setting-up procedure 
is simple. 

Automatic frequency control circuits are a complication, 
and systems have been devised to eliminate them. One of 
these is the FMQ (Frequency Modulated Quartz) system”, 
developed by Marconi’s Wireless Telegraph Company Ltd. 
originally for Wrotham and which will also be used at 
some of the new stations. Previous attempts to modulate 
the frequency of a conventional crystal oscillator in a 
sufficiently linear manner had not been particularly suc- 
cessful, partly because a normal type of crystal does not 


“direct f.m.’’ modulator 
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behave as a simple resonator but has a number of 
secondary resonances which may occur within the f.m. 
spectrum. In the FMQ system the introduction of a 
quarter-wave coupling network between the reactance 
valve modulator and the crystal enables linear frequency 
modulation to be obtained, and a type of crystal has been 
developed in which secondary resonances have been 
practically eliminated. When the equivalent network of 
this crystal is put into a form suitable for modulation, by 
transforming its series resonant impedance into a parallel 
resonant impedance, the resonant circuit so obtained has 
a high Q value and a stability far greater (about 100 times) 
than that of an equivalent LC circuit. The frequency 
versus susceptance characteristic of the circuit is very 
linear, and provided a balanced modulator of good 
linearity, stable mutual conductance and low noise level 
is used, the system is capable of providing deviations in 
excess of 125kc/s with a centre frequency stability of 


not needed. A practical difficulty, however, is that the 
crystal oscillator must have a comparatively low frequency 
(about 100kc/s). This is because the system uses steep- 
fronted waves whose rise times would otherwise be very 
short. The equivalent deviation at low modulating 
frequencies is thus rather small, and large frequency 
multiplication is required to obtain 75kc/s deviation at 
the final centre frequency. Frequency mixers are needed 
to give additional deviation for the lower audio frequencies 
and, because of the greater frequency multiplication 
involved, difficulty might be experienced in keeping f.m. 
noise sufficiently low. Most of the modulators of this type 
have so far been designed for narrow-band f.m. sound 
for u.h.f. television service, where very high fidelity and 
low noise are perhaps not so important. 


F.M. TRANSMITTER PERFORMANCE 
The Wrotham installation permitted an extension of the 
field trials relating to propagation, comparison of modu- 
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Fig. 6. Block schematic “‘FMQ’ modulator 


better than +10 parts in 10°, together with the low noise 
and distortion appropriate for a Band 2 high fidelity sound 
broadcasting service. A block schematic of this system is 
given in Fig. 6. 

Another practicable system is one incorporating a 
method of phase modulation whereby the timing of a 
pulse is varied in accordance with the instantaneous 
amplitude of the audio frequency modulating signal, the 
phase modulated pulse then being converted into an 
equivalent frequency modulated output. This is the prin- 
ciple of the so-called “ Serrasoid” modulator'', in which 
a linear sawtooth is generated, having a repetition rate 
controlled by a stable crystal oscillator. In the unmodu- 
lated condition the sawtooth is clipped halfway up, and 
the pulse is produced at the instant when the rising front 
of the sawtooth changes to the horizontal. The a.f. 
modulating signal is then arranged to control the point 
on the sawtooth at which clipping occurs, and the timing 
of the generated pulse thus follows the instantaneous 
value of the a.f. signal. The maximum phase deviation of 
the pulse is limited by the length of the linear part of the 
sawtooth, which can in practice occupy about 300°. 

In common with all phase modulated systems, this 
method has the advantage that the centre frequency 
stability is that of the crystal oscillator, which can be 
made very high, so that automatic frequency control is 
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lating systems and listening tests, and also provided the 
background for the development of prototype transmitting 
equipment together with a v.h.f. high gain aerial system 
and their trial under service conditions. Both the f.m. and 
a.m. transmitters for Wrotham were designed to provide 
the highest performance commercially attainable, so that 
the full potentialities of a v.h.f. service on either f.m. or 
a.m. could be determined. The performance of the original 
f.m. transmitter is given in Table 2 and can be regarded 
as reasonably typical of the future transmitters of the 
BBC’s v.h.f. service. 


F.M. TRANSMITTER MONITORING 

A high-grade radio monitoring receiver with suitable 
instrumentation for checking the centre frequency shift 
during modulation, the frequency deviation and the audio 
frequency quality of the radiated signal is an essential 
item of station equipment. It is not convenient to extract 
the actual centre frequency component of an f.m. signal 
for monitoring purposes, because this component varies in 
amplitude with the index of modulation and for certain 
values of modulation index is zero. In practice, the “ mean 
frequency ” of the signal is used, this being defined as the 
continuous average of the instantaneous frequency taken 
over a time which is long compared with the lowest 
modulation frequency. In an undistorted f.m. wave this is 
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the same as the frequency of the centre component. 

The receiver is basically a limiter followed by a phase 
discriminator, the output current of which corresponds, 
in both sense and amplitude, to the instantaneous frequency 
deviation of the applied f.m. signal from its assigned 
centre frequency, the current being zero at the assigned 
value. The zero current point may be adjusted by reference 
to the frequency of a calibrating crystal oscillator of high 
stability. Indication of the mean frequency shift is obtained 
by averaging the discriminator output current over a time 
which is long compared with the lowest modulating 
frequency. Any residual direct current component which 
exists is a measure of the shift of the mean frequency of 
the signal from its proper value, and may be used to 
operate a centre-zero d.c. meter calibrated to read in kc/s 
shift. 

Indication of the frequency deviation is derived from 
the alternating current component of the discriminator 
output current which has the same form as the modulating 
signal. Its peak value is thus proportional to the peak 
frequency deviation and may be used to operate a peak- 
reading valve-voltmeter via a linear amplifier of stable 
gain. The audio frequency output signal is also derived 
from the a.c. component of the discriminator output and 
is raised to a convenient level by an amplifier which 
incorporates the appropriate de-emphasis network. Devia- 
tion indication circuits have reasonable stability, but it is 
desirable that the monitor should include equipment 
whereby an absolute check can be made, particularly to 
ensure that the maximum permissible deviation is not being 
exceeded. The Crosby method’ is a convenient one and 
involves apparatus for the separation and amplitude 
indication of the actual centre frequency component F 


TABLE 2 
Measured Performance of 25kW f.m. Transmitter 





of the f.m. signal radiated by. the transmitter and the 
application of a single a.f. modulating tone of known 
frequency f to the transmitter modulator. The well-known 
series of Bessel zero amplitude levels of the centre 
frequency component are sequentially indicated as the 
amplitude of the modulating tone is progressively 
increased and as each zero corresponds to a known 
deviation ratio B = AF/f the absolute value of the 
frequency deviation is given by the product of the devia- 
tion ratio and the frequency of the modulating tone. Zero 
indications up to about the 6‘ are usually sufficient in 
practice. A really comprehensive monitor will also include 
means for measuring the noise and distortion of the f.m. 
signal, and such a monitor is in fact being constructed 
to BBC specification. 




































V.H.F. Aerial-Transmission Line Systems 


The aerial developed by the BBC Research Laboratory, 
originally for Wrotham’® and which was constructed by 
Marconi’s Wireless Telegraph Company Ltd., is an excel- 
lent example of aerial engineering for operation at 
frequencies in Band 2. It is a high gain omnidirectional 
radiator of the slotted cylinder type giving horizontal 
polarization. A photograph of the aerial is given in Fig. 7. 
The type of construction was chosen mainly because it 
was a structural requirement that the aerial, when used at 
other stations, should also act as a support for a Band f tele- 
vision aerial'*. Where this does not apply, and particularly 
at stations where the total transmitter power is lower, a 
simpler form of aerial may be used, such as stacked rings 
of dipoles or the batwing type of radiator in common use 
in America in 6 stack or even 12 stack form. The Wrotham 
type aerial'® is rated to accept the simultaneous trans- 





FREQUENCY RANGE 9 
CENTRE FREQUENCY STABILITY .. 


CHANGE OF CENTRE FREQUENCY WITH 
MODULATION 

POWER OUTPUT 

OuTPUT IMPEDANCE 

Aupio INPUT LEVEL <" ins 

FREQUENCY DEVIATION EQUIVALENT TO 
100 PER CENT MODULATION .. 

PRE-EMPHASIS 


25kW 





A.F. RESPONSE 

20kc/s 
A.F. DISTORTION .. 
F.M. Noise LEVEL 
A.M. Noise LEVEL 


A.M. DUE TO F.M. DEVIATION OF 
CARRIER UP TO 100KC/s 





POWER SUPPLY REQUIREMENTS .. 





85 to 100Mc/s 
Better than +20 parts in 10° for a temperature rise of 20°C and 
for supply voltage fluctuation of up to 6 per cent 


Less than +10 parts in 10° for 100kc/s deviation 


51°50 unbalanced 
10dBm into 6000 for 75kc/s deviation 


75kce/s; maximum deviation 100kc/s 

0, 50, 75 and 100ysec pre-emphasis networks are provided and can 
| be selected at will 

| Within +0-5dB relative to 400c/s over frequency range 30c/s to 8kc/s, 
falling to approximately 3dB down at 15kc/s and 10dB down at 


| At 75ke/s deviation, total harmonic distortion is less than 1:5 per cent 
for audio frequencies from 30 to 60c/s and less than 1 per cent for 
audio frequencies from 60c/s to 15kc/s 

When measured through a weighted network, the noise level is better 
than —70dB relative to 75kc/s deviation at 400c/s audio frequency 

Better than —5OdB relative to 100 per cent modulation at 400c/s 


Does not exceed 1 per cent, plus an amount corresponding to the 
permitted reflexion coefficient of the aerial; total 6 per cent 
approximately 

415 volts 3 phase 50c/s 90 kVA; 0°9 power factor 
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missions from up to three 
25kW f.m. transmissions in 
the Band 87:5 to 95Mc/s. 
The array of 32 co-phased 
vertical slots is arranged in 
8 stacks of 4 spaced equally 
round the surface of a 
vertical steel cylinder 6ft 6in 
in diameter and 110ft high, 
which is supported by a 
triangular section lattice steel 
mast 360ft high. Each slot is 
approximately 8ft long, cor- 
responding to 0-75A at mid- 
band, and 12in wide; the 
vertical spacing between 
slots is 10ft 6in, correspond- 
ing to A at midband. The 
slots are fed at equal power 
and in identical phase by the 
successive bifurcation of the 
single 51:-5Q Sin coaxial 
main transmission line**:'* 
which enables the aerial to 
be fairly easily converted 
into the “split” form if 
required for the system of 
transmitter parallel opera- 
tion mentioned later in this 
article. The standing wave 
ratio of the line alone is about 1-03 over the band and the 
total attenuation approximately 0-65dB for the 730ft run. 
The overall standing wave ratio for the complete aerial 
system is about 1-1, but two sets of slot adjustments are neces- 
sary to maintain it over the band. One set of adjustments 
covers the range 87°5 to 93Mc/s, and a second set 89 to 
95Mc/s. The aerial has a theoretical mean gain of about 
9°5dB over a half-wave dipole, the deviation from the 
mean being about +0°5dB. The gain is slightly reduced 
by small inequalities in the amplitude and phases of the 
slot-driving voltages, and when the transmission line and 
combining filter losses are subtracted the effective mean 
gain of the system is about 8dB. The calculated vertical 
radiation pattern is shown in Fig. 8. 

At Wrotham the frequency spacing between the f.m. 
and a.m. transmissions was 2°4Mc/s, and to permit them 
to be fed into the common aerial a frequency selective 
“notch” type combining filter constructed from coaxial 
copper tube transmission line was used. This filter, which 
has been fully described in another article’®, gives an 
insertion loss between trans- 
mitters of more than 60dB at 








Fig. 7. The high in v.h.f. slot 
aerial at ‘Wrotham 


nected so that one combines the outputs of two trans- 
mitters and the other the output of the first filter with that 
of the third transmitter (see Fig. 9). 

At Wrotham no attempt was made to “fill in” the 
several minima which occur in the vertical radiation 
pattern to avoid points of low field strength close in to 
the aerial. It might, however, be desirable to do this (by 
changing by +90° the phase of the currents in one of 
the stacks of slots near the centre of the aerial) in future 
cases where the aerial may be located within a closely 
built-up area. Difficulties can also arise because of the 
narrowness of the main beam of the vertical radiation 
pattern of large aperture v.h.f. aerials with conventional 
symmetrical radiation patterns. The presence of the sharp 
zero in such patterns will result in a region of low field 
strength perhaps a mile or so from the transmitter and, 
in consequence, the relative strength of time-delayed 
signals reflected from objects lying in adjacent regions of 
much higher field strength could be large and cause a 
distorted combined signal at receiving aerials situated in 
the region of low field. 

In some cases the aerial may not be required to radiate 
maximum field exactly along the horizontal, but arranged 
so that a greater proportion of the available power is 
directed below the optical horizon than beyond it. This 
can be done by “beam tilting,” i.e. deflecting the axis 
of the main beam slightly downwards by progressively 
advancing the phase of the currents in the stacks of 
radiating elements with increasing height. This, however, 
is only a partial solution, and a more elegant technique 
is one whereby the amplitude and phase distribution of 
the radiator currents is based on the Fourier transform 
of an idealized radiation pattern’’. The ratio of power 
radiated below the horizontal to that above it can then 
be made as high as 3:1. A possible idealized pattern is an 
asymmetric one having zero radiation above the horizon, 
constant radiation between 0° and twice the tilt angle, 
the radiation thereafter decreasing as cosec 6 where 
@ is the angle of depression. Mechanical tilting of the 
array is sometimes used, but this tilts the beam up in 
one direction and down in the opposite direction. The 
angle of tilt required is usually very small (less than 1°) 
and so can be upset by high winds. Combined mechanical 
and electrical tilting might, however, prove useful in cases 
where long range is required in some directions and short 
in others. These techniques are perhaps not justified for 
Band 2 aerials with apertures less than about 8, but for 
v.h.f. Band 3 and u.h.f. Bands 4 and 5, where aerials 
having apertures of up to 16 and 24 respectively and 


Fig. 8. Vertical radiation pattern of high gain v.h.f. aerial at Wrotham 





the “ stop ” frequencies, while for 7 
the “ pass” frequencies the loss "9 is 

is about 0:25dB. The reflexion Otlve 
coefficient is less than 2 per cent. 
At future stations where three 
f.m. transmitters will feed a 








common aerial, this type of filter |{ 
is probably not the most 
convenient, a more practical 
approach being the use of 
two filters of the Maxwell 
Bridge type’*, which are 
physically much more compact. 
These filters would be con- 
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hence much sharper radiation patterns are practicable, 
beam tilting can be of value, particularly if the aerial 
is very high, say 1500ft or more above the surrounding 
countryside. 

With large aperture aerials for f.m., the design should 
permit a low reflexion coefficient to be realized at the 
operating frequencies concerned, and it is considered that 
5 per cent as obtained with the Wrotham aerial should 
be aimed at in order to minimize the distortion which 
reflected time-delayed signals introduce into the radiated 
fm. signal. A reflected signal, resulting from a mismatch 
between the aerial and its transmission line, will be 
partially reflected at the transmitter and radiated from 
the aerial delayed in time from the main f.m. signal. The 
resultant radiated signal then contains both amplitude 





PHASING TRANSMITTER 
' 


will transmit three separate programmes (Home, Light 
and Third) simultaneously radiated from a common aerial 
system. The transmitters for each transmission actually 
consist of a pair of identical transmitters effectively 
operated in parallel. Each pair of transmitters is driven 
from a common f.m. modulator via phasing units, and 
the paralleling of their outputs is by means of the “ split ” 
aerial system'*. With this arrangement there are two com- 
pletely independent transmission chains, each consisting 
of three transmitters, two combining filters and a single 
transmission line feeding one half of the aerial. The two 
halves of the aerial are designed so that the mutual 
coupling between them is very low, while the centre 
frequencies of each pair of transmitters is automatically 
maintained in phase by means of a phase monitor 
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Fig. 9. Block schematic of complete f.m. transmitting station for 3 programme working and parallel operation of transmitters 


modulated components and harmonic distortion terms'*: 1°, 
The magnitudes of these components vary cyclically 
between zero and a maximum with changes of phase- 
angle between the main and reflected signals and are, 
therefore, critically dependent on differences in the 
reflected and main signal-path lengths and on the magni- 
tude and angle of the respective reflexion coefficients at 
the aerial and transmitter. The depth of modulation 
produced by the a.m. components cannot, however, exceed 
the reflexion coefficient of the aerial and in any case can 
be assumed to be removed by limiting in the receiver. In 
practice the harmonic distortion terms rarely reach their 
maximum amplitudes, so that the distortion introduced is 
small, although not necessarily negligible, in comparison 
with the distortion introduced by non-linearities in the 
phase/frequency characteristics of the transmitter and 
receiver circuits. 


Parallel Operation of f.m. Transmitters 
In the majority of cases the BBC’s new f.m. stations 
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connected between the outputs of the pair. The advantages 
of this arrangement are that one transmission chain acts 
as a complete spare to the other, and the use of transmitter 
paralleling units is avoided. 

A point of importance in regard to such parallel 
operation is that, taking any pair of transmitters, some 
difference both in amplitude and phase characteristics of 
the two transmission chains is inevitable. Small amplitude 
differences are not important, but any differential phase 
shift over the deviation frequency range of +75kc/s 
occurring between the two chains may be so. If the 
differential phase shift is linear, some amplitude modula- 
tion will occur in the radiated signal. If the differential 
phase shift is non-linear, there will also be a phase 
difference between the distortion components in the two 
chains. Investigations have shown that the latter point is 
not serious, and the main concern need only be with the 
effects of the linear differential phase shift. 

By far the greatest differential phase shift is due to the 
transmitters themselves, because the number of tuned 
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circuits they incorporate is considerable (the 
Wrotham transmitters have 15 tuned circuits) and under 
practical conditions their tuning will not be identical. For 
example, the total phase shift through one Wrotham 
transmitter was found to be about +50° for a deviation 
frequency range of +75kc/s, while the differential phase 
shift occurring between the outputs of a pair of these 
transmitters when driven from a common f.m. modulator 
was about +15° for the same deviation and was virtually 
linear. The new transmitters, however, will have fewer 
power amplifiers in cascade and will be specifically 
designed for parallel operation, so that the differential 
phase shift between a pair is expected to be reduced to 
about +10°. The combining units are expected to contri- 
bute an additional +5°, while the differential phase shift 
occurring between each transmission line and half aerial 
should be negligible. It is therefore concluded that the 
total differential phase shift, over the deviation frequency 
of +75kc/s, through the system is unlikely to exceed 
+15°, which corresponds to less than 2 per cent amplitude 
modulation due to this cause. 

So far as the combining units, transmission line and half 
aerial are concerned it is necessary to consider not only 
differential phase shift, but also any fixed phase difference 
they may introduce between the two centre frequencies 
(because the phase of centre frequencies is monitored at 
the transmitter outputs). The combining units and trans- 
mission lines are not likely to introduce a phase difference 
exceeding +10° in the worst case, i.e. when the tempera- 
ture difference between them is a maximum, while for the 
aerial the phase difference of the centre frequencies in the 
two halves is unlikely to exceed +10° in view of the 
accurate matching conditions imposed. Thus the total 
phase difference between the centre frequencies in the 
aerial should not exceed 20°, which is too small to have 
any significant effect on the polar diagram. Fig. 9 shows 
a block schematic of a complete f.m. transmitting station 
arrangement based on the scheme of operation discussed 
above. 


Unattended Operation of f.m. Transmitters 

The use of pairs of transmitters effectively operated in 
parallel for each transmission ensures a high degree of 
immunity from breakdown, which is all the more essential 
in the case of the BBC’s new f.m. stations because it is 
intended that the transmitters shall normally be arranged 
for remote-controlled unattended operation. The un- 
attended operation of transmitters introduces several new 
problems in transmitter engineering. In particular it means 
that the conventional sequential procedures involved in 
switching a transmitter on and off and the system of fault 
protection must be fully automatic. It also implies the use 
of a comprehensive overall programme monitoring system, 
automatic in action, whose task is to compare the incom- 
ing programme signal with the f.m. output signal, and 
operate appropriate alarms and trips if any serious dis- 
crepancy occurs. Space precludes a description of the 
programme monitoring system, but one of the forms of 
transmitter automatic control which shows good promise 
is mentioned below. The principle of this system is the 
provision of a special moving-coil automatic  volt- 
age regulator which controls the voltage of the 
input a.c. power supply to the complete transmitter equip- 
ment. On switching on the transmitter, the regulator 
energizes all supplies to the power amplifiers and 
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auxiliaries gradually and simultaneously, the supply 
voltage rising from approximately zero up to the normal 
working value in approximately one minute; it then 
automatically stabilizes the voltage at the correct value. 
In the event of an overload fault or incorrect operation 
in any of the transmitter circuits, the appropriate protec- 
tive relay operates a fast release mechanism which causes 
the regulator to reduce the input supply voltage to 
approximately zero in about three seconds. An auto- 
matic reclosing device then comes into operation which 
restores the voltage to normal. If the fault is still present, 
the regulator again releases and remains at its zero 
voltage position. Normal switching off operates the fast 
release mechanism without bringing in the reclos- 
ing device. This system has the merit of simplicity 
because in addition to removing the need for sequential 
interlocking relays, contactors and motor starters, all a.c. 





A modern v.h.f. 10kW f.m. Broadcast transmitter designed for 
remote-controlied unatteuded parallel operation 


Fig. 10. 


sub-circuit distribution contactors and fuses are also 
eliminated since these circuits may be connected directly 
to the control regulator output terminals via current 
transformers, in the secondaries of which are standard 
overload protective relays which operate the release 
mechanism of the regulator. A single on-off switch con- 
trols the whole transmitter. A photograph of a modern 
10kW f.m. transmitter designed on this basis is shown in 
Fig. 10. 


Conclusions 


The BBC has already received government approval for 
the construction of the first 10 high power f.m. stations. It 
is hoped that most of these will be in operation by the end 
of 1956 but, in the authors’ opinion, the fulfilment of this 
programme will inevitably be determined by the ability of 
the transmission side of the radio industry to deal with it, 
bearing in mind the demands also being made on this side 
of the industry by the introduction of independent tele- 
vision on Band 3. Much of the equipment required for the 
Band 2 sound and Band 3 television services is similar, 
namely, v.h.f. transmitters of 10 to 20kW output, high 
gain aerial systems, low loss transmission lines and high 
masts. 

Very high frequency sound broadcasting, in this country, is 
nevertheless about to emerge with great vigour from the 
experimental stage and take practical shape. Its adoption 
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should place sound broadcasting on a far better footing than 
it is today because it provides a means of escape from the 
worsening congestion in the low and medium frequency 
bands and at the same time confers the benefits of a much 
higher quality service. The v.h.f. scheme envisaged by the 
BBC is being planned to this end, and priority will be 
given to the areas which are in greatest need of an im- 
proved service. Eventually a three programme v.h.f. 
service to approximately 98 per cent of the popu- 
lation should be achieved. The decision that the 
system of modulation should be f.m. is based on the 
fullest possible appraisal by the radio industry in general 
of all the relevant theoretical, practical and economic con- 
siderations. The high standard of technology required for 
the development of f.m. transmitting plant and high grade 
receivers and adaptors for existing m.f. receivers is 
available in this country, and much of the plant for the new 
stations is already in works production. V.H.F broadcasting, 
coupled with f.m., indeed seems to be “Sound Radio’s 
Second Chance.” 


A Very High Speed Camera 


SEQUENTIAL image convertor (type SP.2), manufactured 

by Winston Electronics Ltd., has recently been flown to 
America for use at the Aberdeen Proving Grounds, one of America’s 
major weapon-testing centres. The camera formed part of the 
freight on the first flight of the new transatlantic freight service 
inaugurated by Airwork Ltd. 

The camera employs a Mullard image convertor tube (type 
ME1201AA), which is basically a cathode-ray tube fitted with a 
photo-cathode instead of a heated filament. 

An optical image is focused by an optical system on to the 
photo-cathode. The light distribution in the optical image is 
converted into an exactly similar distribution of emitted electrons. 
The electrons are focused by a magnetic field and accelerated by 
the action of the grid and anode. On striking the luminescent 
screen the energy of the electron is converted into light and an 
exact reproduction of the original is obtained. 

In order to use the image convertor as a high speed cine-camera 
the tube is normally cut-off by the action of the grid and it may be 
turned ‘“‘ on” for a length of time as short as 0-01 usec by applying 
suitable pulses to the grid. 

Further the beam of electrons may be deflected by the action of 
an external magnetic field. A small square picture can thus be 
deflected into several distinct positions while the grid is at the 
same time pulsed switching the i.c.t. on. 

The SP.2 image convertor does this giving two rows of three 
pictures each 20 x 20mm size. Seven shutter speeds are available ; 
the rate of scanning is locked to the shutter action in such a manner 
that the interval between the shutter pulses is always five times the 
length of the shutter pulse. 

The following table gives the available shutter speeds with the 
respective frame rate and maximum repetition frequency (of a 
complete sequence). 











SHUTTER H FRAME REPETITION 
SPEED RATE FREQUENCY 
(psec.) (c/s) (c/s) 
0-1 2 x 106 500 
0-2 1 x 106 500 
0-5 4x 105 500 

1 2 105 500 
Zz 1 x 105 250 
5 4x 104 100 
10 2 104 50 











The action of a complete cycle is initiated by a trigger pulse which 
must be roughly +-100V high. The trigger action can be delayed 
by 0:1 to I usec or longer if required. 

The optical image is focused on the photo-cathode by means of 
a Gregorian telescope system. 

The resulting picture on the luminescent screen can be photo- 
graphed on a 4in x Sin film. 
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Due to the very small amount of light being allowed to get 
through to the photographic plate the objects must either be 
intensely self-luminous such as spark discharges, explosions, etc., 
or they must be illuminated by a highly luminous source such as 
gas-filled flash tubes e.g. LSD.2. These light sources must of 
course be synchronized with the image convertor equipment. 

At speeds longer than Ipsec the resolution of the complete 
system is approx 200 lines/cem and at higher speeds 60 lines/cm 
(these figures do not take into account the grain of the film). 
The maximum shake of the 2cm square picture is 0:03cm. 

The complete equipment consists of two steel racks 6ft high on 
a 2x 2ft base. 


O-1lusec. 


Development of light in LSD2 flash tube. 
at 0-Susec intervals 
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Some Recent Developments in 


American Electronic 


Musical Instruments 


By Alan Douglas 


Since the inception of commercial musical instruments, the basic forms and types of generating 

systems have remained unaltered. No new method of tone generation has appeared. Development 

has therefore taken place to exploit already existing resources still further, with the principal objects 

of providing better tonal synthesis and increased flexibility of control. This article reviews the latest 
American practice in these matters. 


WE will take the Hammond organ first, as it is better 
known than any other instrument and has strongly 
marked characteristics of its own. It is not proposed to 
describe the complete instrument' or its theory? again, but 
to introduce the latest modifications. 

The weakest element of the organ has always been the 
pedal section. Now, a complete series of harmonics is 
made available by the multiple pedal key switches, Fig. 1. 
The tone sources for these are derived from the main 
manual generators. Thus there is a wide range of synthetic 
sound to balance corresponding manual combinations. 

A more interesting addition on the RT models is the 


Any one pedal key actuates 
all contacts simultaneously 

















1O* harmonic = — 12 harmonic 
6" " —- a ath 
2 ’ — ——F ath ~ 
fundamental = = 3” 6s 
BUSBARS’ 
Fig. 1. Hammond pedal key contacts 


solo pedal generator. This not only provides tones down 
to 32ft pitch, but enables a pedal solo to be taken on the 
right foot while the normal bass is maintained by the left 
foot—a situation capable of great exploitation. Fig. 2 is 
the complete circuit of this apparatus, which in essence is 
a continuously-tuned LC oscillator. Thus only one note at 
a time can be played. The normal use of the pedals is not 
invalidated, since the switching arrangements ensure that 
only the upper note will speak on the solo circuit, which 
can be disconnected at will. The interesting feature is that 
tone generation is at 1ft pitch, which is then divided down 
to 2, 4, 8, 16 and 32ft pitch. An enormous range of tonal 
combinations is thus available to the player, some of 
which can be preset on toe pistons. The rate of attack is 
not adjustable, but a good general compromise has been 
effected. This unit has its own power supply and expression 
pedal. No special loudspeakers have been evolved for this 
circuit, but the level of the 32ft tones is low and so they 
are unsuitable for use alone. 

On certain models a main generator having complex 
tone wheels can be obtained. These supply odd harmonics 
and their judicious use does much to offset the lack of 
certain intervals which, due to tempered scale interference, 
are not suitable for the additive method of tonal synthesis, 
and which were not available on previous models. 

The reverberation device has been improved in design 
and response, and is shown diagrammatically in Fig. 3. 
It will be recalled! that part of the final signal is passed 
directly to the main amplifier and part through this unit 
to the same amplifier. There is thus a delay which intro- 
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duces very complex and insoluble phase relationships but, 
since the frequencies comprising the signal are subjected 
to repeated reflexions through the springs, results in an 
apparent sustaining of the general sound spectrum. The 
initial delay is about 66msec, the second spring adds 
another 133msec, and so on; but there are innumerable 
secondary reflexions and these are in part adjustable by 
controlling the quantity of oil in the tubes, effectively 


‘ mk =e eS 
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Fig. 3. Reverberation device 


lengthening or shortening the springs, and so varying the 
propagation time. 

In effect, when well set up, the reverberation device gives 
continuously overlapping phase shifts having five major 
time/frequency components and a very large number of 
smaller phase shifts. The effect is theoretically good but 
esthetically poor in small rooms. True reverberation is a 
function of all the active areas of the room, whereas in 
this application it is confined to the radiating surface of 
the loudspeaker cones. 

A number of minor changes have been made in the 
vibrato line scanner’, expression controls and the generator 
filter circuits, but these do not substantially alter the 
general tonal structure of the sole example of an additive 
music generator having individual tone sources for each 
note. Incidentally, there are 14 different models of the 
Hammond organ in current production, besides the 
Spinet®, Chord‘ and Solovox® instruments. 

There has been a marked tendency in the United States 
to neglect the electro-mechanical tone generator and to 
concentrate on the valve instrument. In view of the ready 
availability of cheap valves and the profusion of well- 
engineered communication elements, this is not surprising. 
At the same time, it is by no means easy to make a 
successful rotating generator, and the manufacturing and 
assembly costs are high. A new organ to be introduced 
by the Baldwin company uses rotating photo-electric 
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All these contocts are connected to ground through pedal wiring ond generotor 
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Fig. 2. Hammond pedal solo generator and control circuits 
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generators and a few models are undergoing field tests; 
as it is not yet on the market, no details can be disclosed. 
This also has a reverberation system relying on springs, as 
an optional fitment. 

The only remaining example of other electro-mechanical 
instruments is the vibrating reed organ made by Wurlitzer. 
It is largely due to their long experience with pipe organs 
and the suitability of their plant that they continue to 
produce this instrument. . 

Earlier models® were based on a development of the 
Hoschke patents’, and used electrically-operated valves as 
in a pipe organ to admit wind to the reeds as required. 
To meet the competition of instruments with a much 
quicker rate of speech, the pallet valves have been aban- 
doned in the current series and the reeds vibrate con- 
tinuously. The signal is then keyed through suitable 
transient filters. 








TRUMPET 
PICK-UPS 


TRUMPET 
TON 




















Reed with multiple 
pick up 


Fig. 4. 


Approx. O-Ol2in 


This time we will select a small model as exemplifying 
the resources of the method to the full. The type 44 is a 
domestic instrument using the extension principle. Briefly, 
this means that all pitches of any one tone colour are 
extracted from a continuous row of sound sources instead 
of having overlapping rows of different pitches as in many 
pipe organs. Thus a 4ft pitch is taken from the 8ft pitch 
reeds but one octave higher, and so on. The loss in 
combination is not so great as might be expected, being 
roughly 8 to 10 per cent. Most small pipe organs use this 
principle now, which results in marked economy in cost 
and space. The method is fully explained in the literature’. 
One thing extension cannot give in a physical instrument 
is a change of tone quality, and this is an outstanding 
advantage of electrical systems; from the same sound 
source, various contrasting effects are possible. 

The type 44 Wurlitzer has only 73 reeds for the entire 
instrument, yet from these, flutes, strings and reed tone 
from 8ft to 14ft pitch and covering 61 notes are com- 
pounded. 

Fig. 4 shows a reed with its multiple pick-ups. Since 
such “free” reeds are in fact bars clamped at one end, 
many overtones are developed along the blade. By careful 
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disposition of the capacitive pick-ups, and by changes in 
their surface areas, different frequency bands can be 
emphasized. Further, by polarizing these pick-ups at 
different levels, the relative strength of the tones may be 
greatly varied. 

The many pick-ups, with their transient suppression 
circuits (which are printed on phenolic cards), are collected 
at the multiple contacts under each playing key (Fig. 5). 
Here, by the busbar system shown, any number of these 
tone sources may be combined to produce a composite 
signal. So comparatively few reeds require only a modest 
supply of wind to maintain them in vibration, as distinct 
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Fig. 5. Typical keying circuit to the tone screw pick-ups. 
M-44 Wurlitzer organ. 
REED CHEST 
MOTOR 
ee 
4 
/| 





Fig. 6. Arrangement 
of reed chest and fan 


from starting them; a motor of 1/12 h.p. drives an 
impeller submerged in the reed chest (Fig. 6). This 
contains all the reeds mounted on bakelite blocks as in 
Fig. 4. Each pick-up is adjustable by a special spanner. 
The busbars are rotated to make contact with the key 
wires by the stop tablets, by a simple mechanical coupling. 
No “ tone-forming” is catried out in the amplifier, which 
is divided into treble and bass input channels. The main 
purpose of this is to apply vibrato to the treble only. 
This is accomplished by the rather elaborate circuit of 
Fig. 7, which shows the complete amplifier. Note that the 
vibrato frequency is removed by the filter Rgp goCir 19; 
so that each 76 or 8» signal is shifted in phase during 
the excursion of the vibrato oscillation. This produces a 
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type of undulation which is particularly pleasing to the 
ear. 

The mechanical excellence of the construction is typical 
of the workmanship for which Wurlitzer pipe organs have 
always been noted. 

Perhaps the Conn organ is more generally interesting, 
since it depends on valve oscillators. In the original 
instrument®, 132 valves were employed. The generating 
circuits? are substantially unaltered, but the writer was 





Geigen Gedeckt Harmonic Echo Viole 
Diapason Flute Salicional 


Stops shown ‘off’ 





they act as couplers to make available the different 
pitches. The valuable “unison off” is thus obtainable. 
It will be noticed that the tones formed by Fig. 8 are 
appropriate to the small church organ, and one might feel 
that a more liquid flute or tibia would be an asset for 
the home. It is quite easily formed from the waveforms 


available. ; 
Apart from the Baldwin organs", the most interesting 
application of frequency division is to be found in the 


t--= Pre-amp. 


100kQ 
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220kQ 
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String signal in 


lute signal in 


Vox Humana Oboe 


Fig. 8. Conn tone circuit, swell manual 


always of the opinion that the tonal possibilities were not 
fully exploited. In the. new instruments, a much better 
synthesis is achieved and the circuits are partly shown in 
Fig. 8. As has been explained’®, it is impossible to add 
individual synthesized tones if these are derived from one 
waveform only, or if the filters or tone-forming elements 
are substantially common to one waveform. The Conn 
oscillators provide a sinusoidal output as well as a separate 
pulse. It is from this latter that most of the complex tones 
are formed. Very wisely, no attempt is made to form 
tones outside the capabilities of these waveforms; for 
instance, a sawtooth wave would permit many more tones 
than are possible from a quite triangular pulse. 

The use of isolating valves is a sound way to avoid 
intermodulation, and as there are separate groups of 
oscillators for each keyboard and the pedals, a good 
chorus effect is possible. This company also favours the 
use of multiple contacts under the keys, but in this case 
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Minshall range of instruments. Phase shift oscillators feed 
a chain of cascaded dividers with the configuration of 
Fig. 9, which work as follows. 

The first peak of the input signal voltage reduces the 
anode voltage as the valve conducts, and this is fed back 
to the control grid delayed in time by the constants of 
the feedback resistor and grid capacitor. So when the 
second peak of the input signal arrives, the grid potential 
is more negative (due to the fed-back signal) than when 
the first peak arrived. The input amplitude is not now 
high enough to overcome this extra bias and the second 
peak therefore causes no conduction. 

The anode capacitor is thus not discharged, but in fact 
continues to charge up. By the time the third input peak 
arrives, the bias has returned to its original value and the 
anode capacitor is discharged. The resulting voltage drop 
is fed back to the grid, arresting the fourth input peak. 
The valve therefore conducts on alternate input peaks 
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Fig. 9. Minshall frequency divider 


only, and so divides the frequency by two. The circuit is 
to some extent frequency dependent, but will function 
over about half an octave with the same component 
values. The waveforms are shown in Fig. 10. 

An attempt has been made to obtain the synthesis by 
simpler or more effective circuits than in the past; it might 
be added that the patent situation has a lot to do with 
this. In the Minshall system the tone switches or “ stops ” 
are shunt connected. Fig. 11 shows a typical circuit for 
one keyboard. The valve is connected as an amplifier with 
a reactive phase shift network between anode and grid. 
The impedance between input and earth will then vary 
markedly with frequency according to the proportions of 
the circuit constants. 

Over some band of frequencies the phase of the feed- 
back circuit reinforces the input voltage, and a peak in 
the response is produced. At low frequencies the phase 
of the fed-back signal opposes the grid signal, producing 
a low impedance from here to earth. The response then 
falls off towards the bass end until the reactance of the 
input coupling capacitor becomes significant, when it will 
begin to rise again. The circuit acts like a resonant filter, 
peaking at one frequency and having attenuation at 
another. Control over these pass- and stop-bands is 
effected by the auxiliary networks marked with the tone- 
colours. The response of the networks is shown in Fig. 12. 
It will be noticed that the “diapason” uses the waveform 
as generated without modification. Such a music generator 
requires octave and sub-octave couplers to exploit the 
system fully. 

In general, it may be said that no new oscillator circuits 
have appeared for musical instruments and no new loud- 
speakers have been developed, although the 27in Altec- 
Lansing is used by the Allen Organ Company for large 
installations. The introduction of two overlapping key- 
boards as in the Hammond “Spinet” is becoming 


Fig. 10. Divider wave forms 
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common, and for the smaller organs a fixed arrangement 
‘of 13 or 18 pedal keys is more or less universal, to give 
an elementary bass. The better-class instruments seek to 
develop the potential tonal content more accurately 
regardless of cost or complication, while the less expensive 
ones have tried to find still simpler and cheaper circuit 
artifices. 
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Fig. 12. Effect of tone filters on response 


The impact of the electrical music generator on the 
domestic market has been remarkable. At one time, of 
course, the reed organ was to be found in nearly every 
home; hence the term American organ. Now its modern 
counterpart is well on the way to recapture the market. 
The magnitude of this can be gauged from the sales of 
one company alone in 1953—$10 000 000. 
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A High-Speed Waveform-Sampling Circuit 


By G. D. Bergman*, B.Sc., and D. M. MacKay*, B.Sc., Ph.D. 


This article describes a new method of sampling a rapidly changing voltage waveform at a high 


sampling frequency. 


of specially small duration and amplitude can be used. 


The circuit employs negative feedback in such a way that sampling pulses 


Two practical forms of circuit are 


described which give a stepped output, and a theoretical discussion of the important design 
parameters is given. 


ULSED sampling circuits can be designed to give outputs 

of two basic types, either a series of pulses modulated in 
height or duration to represent the amplitude of the sampled 
signal, or a stepwise modulated voltage which remains 
steady at each sampled value during the interval until the 
arrival of the next sampling pulse (Fig. 1). 


This article is concerned with circuits of the second 
type, required to give a stepped output. 














Input 
Time 
tig 
Pulse 4 ‘ 
weet | [| lhl [has 
Stepped 71 bs 
Output , \ 
Fig. 1. Two types of output for pulsed sampling circuits 


A conventional sampling circuit of this type is shown in 
essentials in Fig. 2. Short positive and negative sampling 
pulses P and Q respectively render diodes D,-, conducting in 
order to allow the storage capacitor C to charge or dis- 
charge to the potential of the cathode of V,, which follows 
the input. . 


When P and Q return to suitable resting levels C is left 
isolated and the output from the cathode of V, remains 
steady in the absence of leakage. 


Circuits of this type suffer from two disadvantages that 
limit their range of application: 


(a) The sampling pulses p and Q (of opposite polarity) must 
have amplitudes greater than the peak-to-peak input 
voltage range and must return to resting-levels below 
minimum and above maximum input respectively (see Fig. 
3). At high sampling rates, where very short and rapidly- 
rising pulses must be used, this large voltage-swing 
demands a pulse generator of undesirably high power. 


(b) The heater-cathode leakage resistance (R-) of diode D, 
sets an upper limit of CR. to the time-constant of the 
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storage circuit unless the heater can be tied to the 
cathode and isolated. The output tends in consequence 
to “droop” unless the pulse-to-pulse interval is short 
compared with CR-. To offset this by increasing the 
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Fig. 3. Voltages required to operate conventional circuit of Fig. 2 


value of C would increase proportionately the mini- 
mum time required to charge or discharge the capa- 
citor, unless again a higher-powered sampling pulse 
were used. 


In an effort to reduce these demands to a minimum, a 
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sampling circuit has been devised which requires much 
smaller switching-pulse amplitudes and can tolerate heater- 
cathode leakages greater by several orders of magnitude’. 


Basic Principles 

The basic principle of this circuit is illustrated in Fig. 4. 

A cathode-follower V, receives the input Vin via a 
resistor R,, and feedback from the output Vou: via resistor 
R,. A diode-switch circuit (represented by S) leads from 
the cathode-follower to the input of a sign-reversing ampli- 
fier A of gain —a, between whose input and output 
terminals the storage capacitor C is connected. 


The two essential features are: 

(a) Subtraction of the output from the input to the diode- 
switch so as to bring the input level at y more or less 
to zero when the diode-switch S§ is closed. This greatly 
reduces the pulse-voltages needed to operate S. 














Fig. 4. Simplified diagram of new sampling circuit 


(b) Connexion of the capacitor C between input and output 
of amplifier A, so as to amplify the effective time-con- 
stant of the input circuit without increasing the charg- 
ing current required. 

The basic operation of the circuit may be followed in 
two stages. 


(1) If S is closed, the circuit functions as in a conventional 
seesaw circuit so as to bring the output voltage to a 


value approximately —(R,/R,) times the instantaneous © 


input voltage. During this phase the capacitor C is 
charged to a voltage approximately equal to the output 
voltage, the necessary current flowing via S. 


(2) If S is now opened, the output remains clamped at the 
sample value by virtue of the negative feedback exerted 
through the charged capacitor C. Feedback through 
R. ceases and the grid and cathode of V, are free to 
follow changes in the input attenuated in the ratio 
R,/(R, + R,). 

If the leakage resistance from the diode switch § to earth 
is R., the effective leakage time-constant. owing to the 
well-known Miller effect, is now (a + 1) CRe, which can in 
theory be made as large as desired by making a sufficiently 
large. 

The output impedance while S is closed will be approxi- 
mately the reciprocal of the loop transconductance, 

Zout = (1 + R,/R,)/ gn’ 
where g,,’ is the transconductance between the point x and 
the output of A. 
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With S$ open, the output impedance is approximately : 


Zout = 1/ gm 
Where gm is the transconductance from the point z to the 
output of A. If leakage through R,. is not neglected, this 
expression must be divided by the attenuation operator for 
the potential divider (C, Re), so that in operational notation: 


Zout = (1 + 1/ReCp)/ 8m 


More exact expressions for these quantities are derived in 
Appendix 1. 

The input impedance changes from _ approxi- 
mately R, when §S is closed, to (R, + R.) in series with the 
steady output voltage when § is open. Except when the 
amplitudes of successive samples are the same, there will 
be an abrupt change in the input current to R, when § 
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Fig. 5. A practical sampling circuit using the minimum number of valves 


closes. Since, however, the impedance of R, and R, can 
normally be high, the discontinuity in load current will 
seldom have serious enough effects on the preceding stage 
to justify the use of an isolating cathode-follower ahead of 


1° 


Practical Circuit 

A practical circuit using the minimum number of valves 
is shown in Fig. 5. 

The diode switch D,_, is supplied with pulses of the order 
of 20V in amplitude and 0-Syusec in duration. The grid of 
V. need never change in potential by more than 5V, so 
that it is sufficient to prevent leakages if P and Q are biased 
to some 5V below and above the mean grid voltage respec- 
tively. 

While Pp and Q are “resting” the cathode voltage of V, 
may change, owing to a change in the input voltage, 
sufficiently to render D, or D, conducting. 

Thus the vaiue of resistors R, and R, must be high 
enough to avoid overloading the cathode-follower V, under 
the worst conditions. At the same time R, and R, must be 
small enough to allow an adequate charging current to flow 
to or from C in a fraction of the duration of the sampling 
pulse. 

If the maximum expected voltage change across C in 
cne sampling operation is AV, the mean current required 
in time At is CAV /At. The pulse height above (or below) 
grid potential must then exceed CAV/At times R, or 
R,. 
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For C = 20pF, AV = 25V, At = O-susec and R; = R, 
= 10k this gives a minimum pulse-height of 10V above or 
below grid potential. 

With the h.t. voltages shown, the input range of the 
circuit of Fig. 5 was limited (by the output stage) to some 
+20V, but this does not, of course, represent a limitation 
of the sampling circuit. With smaller signals, or signals 
changing in smaller steps, the pulse voltage could be still 
further reduced. 

Since the signal may be conducted by D, or D,, while 
P and Q are resting, an appreciable signal may be trans- 
ferred to the grid of V. via the self-capacitance of D, or 
D,, which may not be negligible compared with the storage 
capacitor C. 

To offset this effect the neutralizing capacitor Cy is con- 
nected to the grid of V,, and supplied with a signal in anti- 
phase with the cathode voltage. The shunt capacitor Cs 
helps to equalize the effects of stray capacitance at the 
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Fig. 6. A practical circuit with lower output impedance 


cathode of V,, and the arrangement results in an appre- 
ciable reduction of the stray signals in the output. It has 
been found especially valuable when the waveform sampled 
was a sawtooth, used in decoding position-modulated pulses. 

If (R, + R,) is of comparable order of magnitude with 
the output impedance an appreciable fraction of the input 
will be transferred to the output without change of sign 
during the resting periods.‘ This fraction can, in particular 
cases, be made large enough to compensate for the strays 
across the diode -switch mentioned in the previous para- 
graph. In some cases compensation may be excessive. It 
can then be neutralized by augmenting the stray capa- 
citance across the diode switch. Since this adds to the 
capacitance between the grid of V, and earth it will have 
the undesirable effect of increasing the output impedance 
during the resting periods. (See Appendix 1.) 

The input and feedback resistors R, and R, are shunted 
by small trimming capacitors of the order of 20pF to main- 
tain a good high frequency response. The feedback through 
R, must, of course, operate within a fraction of the dura- 
tion of the sampling pulses. 

The zero-level of the output is preset by adjusting the 
potential of the point from which feedback is taken to R,. 

The simple circuit of Fig. 5, designed for maximum 
economy, has a measured output impedance of 7kQ and 
a leakage time-constant of the order of 0-Smsec with a 
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22pF capacitor C and a leakage resistance R. of 2MQ. 

It can obviously be much improved by replacing the 
triode V, by a pentode with a cathode-follower output 
stage. 

A Satisfactory circuit incorporating these refinements is 
shown in Fig. 6. 

It differs from Fig. 5, mainly in the range of output 
voltages it can handle, and in its output impedance. V, 
fulfils the same function as V, in Fig. 5, while V, and V, 
form the amplifier replacing V, in Fig. 5. The d.c. coupling 
from V, to V, via R, and R, is frequency-compensated by 
the trimming capacitor Cr. 

This circuit has a measured output impedance of about 
170, and was capable of handling input signals between 
+50V, with the h.t. voltages shown. 


APPENDIX 
The circuit of Fig. 4 can be represented by the equiva- 
lent circuit shown in Fig. 7. 
The cathode-follower is repiaced by a voltage generator 
which has an output resistance R’ and a gain +f. The 


amplifier A is replaced by a current generator of transcon- 


ductance Gm and output resistance R”. C’ represents the 
stray capacitance from the point Z to earth. 





Sou 








Fig. 7. Equivalent circuit of Fig. 4 


The output impedance can be calculated for the two 
cases: 


(1) S closed, (2) S open. 


CasE (1) S CLOSED 

Suppose the input is held at a constant potential and a 
voltage AV is applied to the output terminal. The input 
voltage to the cathode-follower will change by an amount: 

AVR, 
ink 2 7 

Since R’ is very small compared with Re, and small com- 
pared with the reactance of C and C’ at the frequencies for 
which this equivalent circuit is applicable, the change in 
voltage at the grid of the amplifier A can be written: 
~ (R, + R2) 

The change AV thus produces a change in current Ai 
at the output. 

If the current in R” is neglected for the moment: 

R, 
elit. ET 

This corresponds to an output resistance: 
This is in parallel with R” so the output resistance will be: 
R’(1 + R2/R,) 1/BGm 
R” +(1+R./R,) 1/BGm 


AV, AVB 
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CASE (2) S OPEN 
Again AV is applied to the output terminal. The voltage 
change at Z (in Transform notation) will be given by: 


Re 





PP ee 

AV,’ = 1+ aes 
it. 
ive + 1 + pR.C’ 

AV pRC 


"+e +O 
Neglecting R” the current change Aji produced by the 
voltage change AV will be given by: 
AV pR.C 
1 + pRe (C + C’) 
C’+C 1 
> a 
c pRC 
The output impedance thus consists of a resistance 
C’+C 
Cc 
In parallel with this combination will be the output 
resistance of the amplifier R”. 


If Re. is sufficiently large the capacitive part of the out- 
put impedance can be ignored. Then: 


|. gg (<<) Gen 
Zout = C Cc C 
’ + 
oe ( 1/Gm 
+ C ) / 


Approximate values for the parameters 8, Gm, etc. are 
given in Table 1 for both practical circuits. 


TABLE 1 


Approximate values of design parameters for both practical circuits 


ais Cn 








. AV /i = ( )1G 





LG in series with a capacitance ReCGm. 























TRIODE PENTODE 
CIRCUIT | CIRCUIT 
PARAMETER (FIG. 5) (FIG. 6) 
6—gain of input cathode-follower . . 0:9 0:9 
Gm—transconductance of amplifier A | 0-3mA/V | 125mA/V 
R’’—output resistance of amplifier A 27kQ. 4002 





Values vary for 
different diodes 

but are normally 
greater than 2MQ 


R.—leakage resistance from point Z 
































a—gain of amplifier A % oft 8 50 
C—storage capacitance 22pF 22pF 
C’—stray capacitance from point Z 

toearth .. Re a rh ~10pF ~10pF 
Zout calculated for S closed ” 6kQ 17 
Zou calculated for S open (neglecting 

Re) «. Sie “> im 3 $kQ 120 
Zour measured (corresponding to 

Zout for S closed) .. i ot 7kQ 17 
Leakage time constant (when Re= 

2MQ) i ate ii oie 0-Smsec 2msec 
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A New 
Low Cost Marine Radar 


Cy the past five years Decca Radar have introduced a 
series of high performance marine radar sets designed to 
meet the requirements of a wide range of shipping. 

The majority of ships in the medium and large tonnage 
groups have now been fitted, but there is an increasing demand 
from owners of small ships for a set which will give them the 
benefits of radar navigation. It is primarily to meet this 
demand that Decca have developed their new equipment, the 
Decca 212, which has been designed to meet the rigorous and 
well tested demands of the British Ministry of Transport Marine 
Radar Specification. 

It consists of three simple radar units, comprising a scanner 
and its associated turning motor, a radar frequency unit in 
which is included the magnetron, klystron and mixer, and a 
display unit with a 9in fixed focus cathode-ray tube. 

The scanner unit has been designed for low top weight, and 
the total weight is of the order of 75lb. This low weight unit 
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River navigation on the one-mile range. 


produces a narrow beam of 1:7° for high picture quality, with 
a very low side lobe level for good performance in narrow 
waters. The r.f. unit provides an output of 10kW with dual 
pulsing for solid paints at long range and crisp pictures at 
short range. It can be mounted below deck in smaller vessels 
or on larger vessels in a special waterproof box at the base of 
the mast. 

A brief. specification of the Decca 212 is given below: — 
FREQUENCY BAND. Within the Marine Band 9 320 to 9 480Mc/s. 
AERIAL SYSTEM 

Reflector: A single parabolic cylinder aerial of approx. 4ft. 

Rotation: Continuously rotating 24 rev/min. 

Horizontal Beam: 1-75° at half power points. 

Vertical Beam: 20° at half power points. 

Side Lobes: Better than 22dB within + 10° of the main 

beam. Better than 30dB outside + 10° of the main beam. 
PULSE CHARACTERISTICS 

Peak Power: 10 kW (approx.). 

Duration: 0:1 or 0-2usec-pulse width. Selection automatic- 

ally controlled from the range and anti-clutter switches. 

Recurrence Frequency: 1000 per second. 

Pulse Generator: Triggered hard valve modulator driving 

a magnetron. 
RANGE 

Discrimination: 25 yards on shorter ranges. 

Minimum: 30 yards or less. 

Calibration Ring accuracy within 1 per cent of indicated 

range. 

Range Scales and Calibration Rings. 


Range scale Calibration rings Range scale Calibration rings 
4 mile 1/5th mile 8 miles 2 miles 
1 mile 1/5th mile 15 miles 2 miles 
3 miles 4 mile 30 miles 5 miles 
BEARING 
Accuracy: Within 1°. 
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The Operation and Loading Characteristics 


of Valve Oscillators for Dielectric Heating 


(Part 2) 


By V. L. Atkins* 


EFFECTIVE INTERNAL IMPEDANCE OF AN OSCILLATOR 

When a valve is operated over the essentially linear 
portion of its characteristic curve such as obtained under 
class-A conditions the output current can be expressed 
as follows: 





Under these conditions the valve can be regarded as acting 
as a generator having an internal impedance value of 


i V.R 
ra (= u/ gm) delivering an output voltage of value <- . 





Lt Va 
into an external load of value Rr. With class-C operation, 
however, the valve behaves in a more complex manner, 
the value of the internal impedance becoming a function 
of the angle of current flow 26,. 

The relation can be obtained by substituting for the 
value of V,’ as given by equation (22) in equation (34) 
and solving for /,: 

I. = gm (Vn + Veimax) — raed — sin 6, cos 62) 


L 


Sores ai (50) 
but: 
Vet Vg(max) = V; 5 ae Wes oe eee wle (51) 
and: 
Vo — Verma = ER, ............. (52) 
from which: 
ue 
ey. : Yalan (53) 
where: 
T 
fs (63) 8 ee eas) 8 6 '4:kja ed (54) 


6, — sin 6, cos 6, 
Thus the apparent internal resistance of a valve operating 
at an angle 20, is equal to f,(6.)ra. Values of f,(@.) are 
plotted in Fig. 3. 


OPERATING EFFICIENCY 

The anode efficiency can now be computed in terms of 
Ry and f,(6a)ra. 
Anode efficiency 


T° Ru 1,Rt 
3 = Pout / Pin = ~—— Se 

Wolo 2V. 

uV Rt 
= ——____________. f,(@,) x 50 per cent 
VAR + fara! 4 

ee NEES omer (56) 

Difficulty is usually experienced when endeavouring to 
establish accurately the performance of a power oscillator 
under varying conditions, as a change in a single para- 
meter can affect most of the other parameters of the oscil- 
lating system. Furthermore, the operating characteristics 


* Metropolitan-Vickers Electric Co., Ltd. 
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of a valve are not linear over the full working range as 
required to obtain the maximum power output. Fortu- 
nately, however, various assumptions can be made which 
greatly simplify the working computations, and allow 
operating conditions sufficiently accurate for most practical 
purposes to be evolved. 

The anode efficiency can be written as follows: 


Anode efficiency = Va/Vo na 
where 
o, = 50. f,(0,) per cont ............ (57) 


This shows that the maximum theoretical efficiency that 
can be obtained for a given operating angle 20, is equal to 
na This is known as the asymptotic efficiency, values of 
which are plotted in Fig. 5. The actual operating efficiency 
can be readily assessed by multiplying the asymptotic 
efficiency by the ratio of Va/V. or the factor (1 — r). 





EFFICIENCY nN. (Per Cent) 





© 10 20 30 40 50 60 70 80 90 
ANGLE OF FLOW 6, (Degrees) 


Fig. 5. Theoretical maximum efficiency of an oscillator as govermed by 
the operating, angle 


MAXIMUM EFFICIENCY OPERATING CONDITIONS 

In the designing of a power oscillator it is necessary to 
fix the operating values of the minimum anode voltage 
Va(min) and the maximum grid voltage vgimax) Which occur 
at the same instant. At this point the anode and grid 
currents reach peak value and the vaiues of Vaimin) and 
Vgimax) afe chosen so that the total peak current drawn 
equals or is slightly less than the maximum permissible 
emission of the cathode. Usually the value of vaimia) 
which should be slightly positive with respect to Vgimax), 
is arranged to lie between 5 per cent and 10 per cent of the 
h.t. supply voltage V. and vgimax) between 2 per cent and 
8 per cent of V.. Saturation occurs when Vgimax) equals 
Va(min) aNd on no account is the value of Vgimax) allowed 
to exceed Vaimin), Otherwise the grid current becomes exces- 
sive resulting in overheating of the grid electrode. If the 
ratio Of Vacmin)/Vo is made large both output power and 
efficiency are reduced, while the grid loss is increased. On the 
other hand the value of vgimax) cannot be made too small, 
otherwise the drive becomes insufficient for maximum con- 
ditions. The problem then remains to determine the values 
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Of Vacmin), Veimax), the load impedance and operating angle 
which will deliver maximum output for a given loss as 
governed by the valve design and construction. By taking 
the limiting conditions where Vaimin) equals Vgimax) aS a 
reference level then a solution to the problem can be evolved 
as follows 


At saturation: 


Vg(max) = Va(min) 


from which: 
Ve = Vo ane I,Ru + Vez Pre er ae ee (59) 
substituting for Vp as derived from equations (21) and (22) 
ae Vf + 1/») = I,Ri + cos Ga/ 1) Sa Sie (60) 
1 — cos 6, 
substituting this expression in equation (53) and solving 
for /,: 





Ve 


=e V(1 + Bh) 
= Ril + ) + ra(1 — cos Oa)f,(Oa)° 





I, 




















calling | FH p and f,(0,) (1 cos 6,) = (64) then: 
Set en pVo AE WS 62 
I= Mer ay (62) 
the function f,(@,) is plotted in Fig 3. 
The power output can be expressed thus: 
w, zits) R a) 63 
Pout = (-x¢ 4 f,(Ba) uj) 2 oe ae ee ee ( ) 
and the power input as: 
pVo 
Pin rer ge” ance ve | a 64 
FON pRi + Fla) - 
where 
6, — sin 6, cos 0, 
,(6.) = sin 0, — 0, COs 0. 
therefore the power loss becomes: 
1 pRu ) 
P, = V.’ —= -}.. (65) 
(anor: + f(a) 2(pR1 + f.(6a))° ( 
kd Yes tt) Cee (66) 
The efficiency at saturation can be written as: 
Oa) 1aRu 
1 (sat) = Aer arse es ei at er (67) 
f,(@a) pRi 
re 68 
2(pRi + f,(Ga)) _ 
| Ee errs (69) 


The function WV is a constant which can be applied to all 
valves and can be computed once the anode voltage Vo 
and power loss P, have been selected, i.e. : 

ME URE E eB <td ea i eek (70) 


By plotting values of WY and nisat) as functions of 6, and 
pRx as shown in Fig. (6) and projecting vertical lines from 
the intersections obtained on the WY family of curves for a 
constant value of W, to the corresponding values of 6, in 
the nisat) family of curves, the values of 6, and pR1 which 
give maximum efficiency conditions can be ascertained. 
Determining the value of Vatmin) (= Vecmax)) at the optimum 
conditions is simply obtained from the relation: 


Va(min) = Vo - T,Rt Ae ee oe et a (71) 
which written in terms of pR1 and #, becomes: 
pRi. 
a(min) = Vo . oe +s ht ACRE SOE 72 
— = (1 aa) ( ) 
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Fig. 6. 

a function of the anode voltage and the maximum permissible anode dis- 

sipation, p being a function of the amplification factor and internal imped- 
ance of the valve 


Universal characteristics for designing power oscillators being 


Limiting Edge 
(Slope = a) 


bearers 














Fg. 7. ‘Ideal’ set of i a characteristic curves for triode valve show- 
_ing the limiting edge where V,=V, 


Examination of the curves drawn in Fig. 6 shows that the 
efficiency at optimum conditions is greater the smaller the 
value of W. This requires the value of V. to be the maxi- 
mum possible and shows that for a given loss the greater 
the amplification factor () and smaller the r. of the valve, 
greater will be the power output and efficiency. 

Over the normal working range of a valve the grid family 
of 7,/V, characteristic curves can be taken to be linear 
and it can be assumed for practical purposes that the line 
on which they terminate where va = vg will also be straight 
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passing through the point of origin. This is illustrated in 
Fig. 7. Calling the slope of this limiting edge o then the 
peak current drawn can be expressed as follows: 
la (pk) = OValmin) .---eeeereereees (73) 
Now at saturation the fundamental alternating current com- 
ponent is: 
pVo 


= ———_—__ ............ ss 74 
pRu + f,(Ga) (74) 
In terms of the peak current the expression becomes: 
° pV. 
a( = ee TAek way .. +e 7 
iatpk) pRi + FAO f(Os)/f,(Aa) (75) 
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Fig. 8. Curves showing load at saturation for 7=9-1 assuming ideal 
linear characteristics of Fig. 7 


Substituting for equation (73) and evaluating in terms of the 
load Rx: 


Ri = [Vo/ovVacmin * f.(Oa)/f,(0a)) = f.(6a)/p o- (76) 
Under normal operating conditions the ratio of 
Vo/Vacmin), (1/r) approximates to 10, thus the load at 
saturation can be expressed as follows: 


Risa) = [10/0 x f2(6a)/f,(Ga)] — f.(0s)/p approx. .. (77) 
= f,(Ga) (10/0 — 1/p) 


For a valve of known constants o and p, the relation gives 
for a specific operating angle the minimum value of load 
into which the valve can work before reaching saturation. 
Normally the load is designed to be slightly higher. Curves 
giving values of Riisat) at operating angles of 60° and 70° 
for different values of o and p are shown in Fig. 8. 


LOADING CHARACTERISTICS OF A VALVE OSCILLATOR 

As shown later an inherent feature of a self-excited oscil- 
lator employing self-bias is that under normal operating 
conditions the value of V, which almost reaches the value 
of the d.c. supply voltage V., only slightly reduces when the 
load is varied from no-load to full load conditions. Thus 
in the equation of anode efficiency (equation (56)) the part 
in parenthesis will tend to approach unity and the value of 
V, which represents the proportion of the anode oscilla- 
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tion fed back to the grid, can be assumed as remaining 
substantially constant. With », V. and r, being constants, 
f,(@,) becomes a function of Rx: which thus determines the 
operating angle 26,. As the value of the operating angle 
is controlled by the amount of the grid bias voltage Vs 
(V_ remaining constant in this case) then it follows that 
equilibrium conditions of the oscillating system are obtained 
when the grid bias voltage Vp reaches a value such that 


pVERi 
V (Ri + f3(@a)ra) 
expression to unity and solving for the value of pV,/Vo 


approximates to unity. Equating the 





VALUES OF 


We 
4s 
- 10 


° 10 20 30 40 50 60 70 
6, (Degrees) 


Fig. 9. Functions of q for analysis of the loading characteristics ¢ an 
Soeitinser. The dotted lines refer to cross co-ordination with Fig. 








Ri + f(Oa)ra 


pVe/Vo = Ri 


and calling the ratio Ru/Tra, > 

pVe/Vo= (a+ 7) =1+4 f,(O2)/p ...... (79) 
From equations (21) and (22) uVs/V. can be expressed in 
terms of «V/V. and 6, and again taking the value of 
V./V. to be unity, then: 


pV3/Vo = (uVe/Vo — 1) cosOa+1...... (80) 
Substituting for u.Ve/V. in equation (79) a further relation 
for «V/V. is obtained, viz: 


Va/V. = kek cintawecee (81) 


In applying these relations it must be appreciated that they 
are based on the assumed “ideal” conditions where Vs 
becomes equal to Vo, whereas in practice this is not the case. 
Furthermore the relation cannot hold for all values of V; 
and @ owing to the limiting conditions reached at satura- 
tion or where insufficient grid current is drawn to provide 
the necessary bias required for class-C operation. The value 
of V, is also limited by the maximum grid power loss. The 
relations do, however, form a basis upon which the loading 
characteristics for a particular valve may be evolved. For 
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having determined the value of V;, the values of » and 
pVn/V_ (a) for a given operating angle can be easily 
assessed. The plotting of a series of curves based on 
equations (80) and (81) as shown in Fig. 9 will indicate 
how for a constant value of u.V,/V. the values of aand 0, vary 
with respect to . On the assumption that the amplitude of 
the grid voltage (Vg) remains fairly constant for a reason- 
able “ falling off” in load from maximum value, and pro- 
viding the correct drive conditions. are operating, then a 
useful relation between load and grid bias voltage is 
obtained. Thus a quantitative indication of a changing 
load is provided, once the operating conditions for a specific 
load are established and changes in the grid current are then 
observed with a change in load. 

In designing a power oscillator it is necessary to establish 
the optimum value of anode load required to deliver the 
desired amount of power for specific operating conditions. 
The optimum value as chosen is based on obtaining a 
reasonable compromise between efficiency and power out- 
put. In practice efficiencies of between 60 per cent and 80 
per cent are usually demanded to obtain maximum output 
as limited by the anode dissipation and peak filament 
emission of the valve. In order to obtain optimum loading 
conditions, the impedance (resistance) presented to the 
valve by the tank circuit must be equal to V./J,, where Ja 
is the maximum value as permitted by the selected operat- 
ing angle. Designating the optimum values by the suffix 
(opt) then: 

Ri vopt) = Val Tacopt) = Q vont) Liopt)w eee (82) 
and the optimum value of the tank inductance will be: 
Lions Retopo | Ops 085.60 00% (83) 


Under optimum loading conditions the peak filament 
emission which is determined by the values of Vacmin) and 
Ve(max), reaches its maximum permissible value. The opti- 
mum value of Ruiopt) can be expressed in terms of iacpx) as 


follows: 
1 — cos A 
pee Valiains-{ HA. he. ) aay (84) 





6, — sin 6, cos 0, 


at optimum conditions Va = Vo. 





; : (1 — cos@ 
ee Rivopt) Veliaow( age aa 6. oes 7): ele (85) 
= Volistx) . falOad (OPRTOR) occ es. » (86) 


Values of Rup) for varying values of Vo/iawx and 
operating angie 6, are plotted in Fig. 10. 

Departure from the optimum value results in either a 
reduction of power output or overloading of the valve when 
the load becomes excessive. The behaviour of a power 
oscillator under varying load conditions calls for special 
consideration when designing equipment for high frequency 
heating, as in most applications the load varies considerably. 

The value of the a.c. voltage Va, (Vo — Vacmin)) developed 
across the tank circuit depends upon the values of the funda- 
mental a.c. current component /, and the load impedance 
Ry. Under light load conditions the value of V, will be at 
its maximum value, while the value of J, will be at its 
minimum value. As the value of the load increases (i.e. 
Ry, reduces) towards optimum value, V. will tend to become 
less, while J, will increase in order to supply the extra power 
to the tank circuit. The increase in the value of J, is 
brought about by an increase in the angle of current flow 
26, which also increases the average input power. This 
arises from the fact that as the value of Vs reduces and 
the grid drive becomes less, the grid voltage ve max 
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becomes relatively less positive with respect to the cathode, 
causing the value of the grid current to fall. This in turn 
reduces the value of the grid bias voltage Vp which causes 
the value of the grid voltage veimax) and the operating angle 
6, to increase. The action is self-adjusting, the bias level 
changing until new conditions of equilibrium are reached, 
where the increase in J, obtained is sufficient to supply the 
increase in power required. With the anode current being 
thus sensitive to changes in the value of Vaimin, the ampli- 
tude of oscillation tends to remain substantially constant 
for reasonable changes in load. Thus the oscillator can be 
regarded as being virtually a constant output voltage 
generator, having an internal e.m.f. of uV¢ volts. In prac- 
tice the amplitude of V, varies from approximately 95 per 
cent to 90 per cent of the d.c. supply voltage V. when the 
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ANGLE OF FLOW @,( Degrees) 
Fig. 10. Curves giving approximate value of optimum load for different 

value 9, an of fa cpx) 


load is varied from no-load to full-load conditions. The 
value of V, can never reach the value of V. as this would 
give rise to conditions of no anode current flow and the 
grid current becoming dangerously excessive. On the other 
hand if the valve is loaded beyond its optimum rated out- 
put, saturation of the filament emission is reached and the 
value of 7, can no longer increase, with the result that the 
value of V, falls and so increases the power dissipated at 
the anode resulting in the valve becoming overheated. 
Although variation of load between no-load and full- 
load conditions causes only a slight reduction in the value 
of V,, the change which occurs to both power output and 
anode efficiency is considerable. The effects which are 
readily observed when the load increases are the increase 
in the d.c. input current and the reduction in the grid 
current flow. What is not so obvious is the increase in 
the angle of flow of 20,, which, apart from increasing the 
power input, changes the operating efficiency. As 26, and 
I, increase, the ratio of J,/I, also increases and thus the 
proportion of the increase in power input which is dis- 
sipated in the valve becomes greater, while the proportion 
which is delivered to the load becomes correspondingly 
less. If the load remains constant an increase in the grid 
excitation voltage Vg will cause the bias voltage Vg and 
the maximum grid voltage veimax) to increase and the 
oscillation will assume a new point of equilibrium at a 
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reduced angle of flow. The grid loss will increase, but the 
anode efficiency will improve slightly, owing to the fact 
that with the amplitude of the output voltage V, tending 
to remain constant, the fundamental alternating current 
component /, will also remain fairly constant. Thus with 
the reduced angle of flow the direct current component J. 
will be reduced and as a result so will the power input. 
The value of Veimax) is, of course, limited to the point 
when the valve becomes overdriven, where apart from 
causing over dissipation of power in the grid circuit, the 
anode current waveform becomes considerably distorted 
and the algebraic analysis as used to determine the operat- 
ing conditions of the valve can no longer be applied. 


DETERMINATION OF VALVE OPERATING CONDITIONS 

The effect which variable loading has on the operating 
performance of a power oscillator needs to be examined 
closely, and is one of the major problems associated with 
the design of h.f. heating equipment. An approximate 
method showing how the performance of an oscillator 
reacts to a changing load can be evolved fairly readily if 
it is assumed that little change occurs to both output voltage 
and frequency for reasonable variations in load. For under 
such conditions the power dissipated in the tank circuit 
will be inversely proportional to the value of the load 
resistance Ry, which includes the circuit losses. Thus if the 
optimum load resistance is termed Rupt) and the actual 
loading resistance is termed Rutact), then: 

Power dissipated in load/optimum power available 


ex Rat / Rates iso. esc ce ees (87) 
If Zacopt) and Jacact) represent the optimum and actual values 
of the fundamental a.c. currents respectively, 

Rulopt) / Rucact = [ Tacopt) ee eae (88) 
Applying this relation to equation (53) and assuming a 
constant value of grid voltage: 


Tacopt) (Ruopt) + fs (Pacopt>) Fa) 


= Tatact) (Rutact + fs Oatact)r)........ (89) 
with: 
Lacopt) Ruvopt) = Tacact) Ruvact) = Va (assumed constant) 
Tacact)/Tacopt) = fs(Oacopt)/fs(Oatact)) .....- (90) 


where f,(@acopt)) and f,(Oacact)) are the functions of the 
optimum and actual operating angles @acopt) and Oacact 
respectively. In terms of the direct current components 
the relation can be written as: 


Tovopt) / Totact) = Yopt» / Pract) - f(Pacopt»)/ f(Paract>) eee (91) 
where YW = sin 6, — 0,.COS 6a. 
From this relation a series of curves can be plotted as shown 
in Fig. 11 giving values of @cact) as against @copt) for different 
values of Jocact> /Tocopt). 

To a certain limited extent this set of curves can be used 
in conjunction with those of Fig. 9 to provide a means of 
establishing approximately the operating conditions of .a 
valve oscillator when the value of the grid voltage Vc. the 
load Rx and the flow angle are not known; factors which 
in practice are not always easily measured. 

In order to derive the operating conditions with the help 
ef these graphs all that is required is the values of the anode 
and grid currents for two different loading conditions of 
the valve with constant grid drive. Although it is not essen- 
tial that one of the loaded conditions be the optimum value, 
satisfactory results will only be obtained provided the oscil- 
lator is working within the limiting conditions as previously 
specified. It is usually fairly easy to vary the loading 


ELECTRONIC ENGINEERING 168 


of a power oscillator, in fact in general the reverse 
is the case, it being difficult to maintain constant loading 
owing to changes in the characteristics of a load during a 
heating cycle. To find the co-ordinates on the graph of 
Fig. 9 which will indicate the operating conditions, it is 
first necessary to determine the values of o(= uVx/V.) for 
at least two different loading conditions with the value of 
V, remaining constant. Knowing the values of the grid 
bias resistor, ». and Vo, the values of a are easily assessed 
from the respective grid currents. Having established the 
two a ordinates it remains for the appropriate @, abscisse- 
to be determined in order to fix the operating points. The 
ratio of the corresponding anode currents gives the ratio 
of the functions of y¥, from which, with the aid of the 
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6-0 


40 


10 20 30 40 sO 60 70 80 90 

6. opt) { Degrees) 
Fig. 11. Values of Yo! Ws giving the ratio of the d.c. currents obtained with 
a change in the angle of flow from 6,(,,.) tO Oacact) (OF Oacty 
@cacty’ J» This family of curves used in conjunction with those of Fig. % 
allow the operating conditions of a valve oscillator to be followed with 
variation in load. An example of the method is illustrated by the dotted lines 


curves of Fig. 11, the two operating angles. which satisfy 
the relations of both graphs may be evolved. The co- 
ordinates of the two operating points must lie on the same 
uV,/V. curve of the graph of Fig. 9, uV_/Vo being 
assumed to remain constant, while the corresponding 6 
co-ordinates on the graph of Fig. 11 must intersect on the 
correct Wiopt)/Wiact) Ordinate. The method is illustrated by 
the dotted lines op, o’pP’ and gp, Q’P’ shown in Fig. 9 which 
represent respectively the two sets of the uVp/Vo and 6. 
co-ordinates, the values of 6, corresponding to” @atact) and 
Macopt) Values as fixed by the co-ordinates MN, RN, as shown 
in Fig. 11. p, p’, (Fig. 9) denotes the two operating points 
which lie on the constant uV,/V. line from which the 
value of Vz may be determined. The intersections made 
with the @ series of curves allow the two different values 
of the load Ri to be found. The use of these graphs in the 
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manner as outlined can greatly assist the initial setting-up 
of a power oscillator. Furthermore, as reasonable changes 
in load (this includes circuit losses) may be ascertained, the 
graphs will be of particular use in dealing with the many 
applications met in practice where the load varies with 
change of temperature or moisture content etc. Obviously 
the problem is greatly simplified if the value of V, is 
known, for then it is simply a matter of reading off values 
of 4, and @ along the appropriate “V,/V. line for the 
various values of a obtained. Thus the anode current ratio 
curves of Fig. 11 would not be required. 

Based on the assumption that the value of the alternating 
current component J, and the anode voltage swing V4 
remain substantially constant for slight changes in the grid 
drive voltage V,, the relation between changes in the d.c. 
anode current with variation of grid drive for a constant 
load can be easily shown to be: 

Tovopt) [Le (act) = fi (Aacact)/ f:(Bacoptr) see (92) 
From this relationship a similar set of curves to those ot 
Fig. 11 may be derived and so enable the operating points 
to be determined in the same manner as the previous case 
except that the curves of constant value will be those of the 
factor ». As previously explained the above treatment is 
restricted in operation to within certain limits of load 
variation. In practice this can be regarded as varying 
from light load conditions where the grid current drawn 
does not exceed the maximum permissible value to ful! 
(optimum) load conditions which consists of the working 
load plus the circuit losses. It is not essential to consider 


the behaviour of the operating conditions when the load is 
in excess of the optimum value as in general the equipment 
is so designed that it is fully protected from becoming 
overloaded. 

A simple method which increases the amount of variable 
loading a valve oscillator can safely handle is obtained by 
arranging the grid bias resistor to have a non-linear charac- 
teristic possessing a positive coefficient. As previously 
mentioned, the maximum loading point is limited to the 
optimum value while the minimum loading point is limited 
to the maximum value of grid current. If the characteristic of 
the grid resistor is such that an increase in current increases 
the resistance and thereby increases the bias voltage, the 
minimum value of load, which can be imposed for the 
maximum value of grid current will be increased. It also 
means that for slight changes in load the grid current will 
tend to remain constant. In practice normal tungsten fila- 
ment lamps are used operating at approximately half of 
their normal brightness. 

Having now dealt with the operating characteristics of 
the valve oscillator under varying load conditions, it 
remains to investigate the problems associated with the 
transfer of power from the tank circuit to the load, and 
show how mismatching of the load impedance, linked with 
the circuit transfer efficiency, governs the overall perform- 
ance of the equipment. This, together with typical power 
oscillator and work circuits, methods and control of power 
loading form the subject of a further article to be published 
at a later date. 





THE AERIAL ARRAY 
OF A MODERN BATTLESHIP 


The importance of radio and radar in modern naval war- 
fare is exemplified by the accompanying photographs which 
show part of the aerial installation on the fighting control 
tower of H.M.S. Ark Royal the new 36800 ton aircraft- 
carrier which was commissioned at Birkenhead in February. 
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Transistor Wavetorm Generators 


By F. Butler, B.Sc., M.LE.E., M.Brit.I.R.E. 


The characteristics of currently available transistors are so variable that the precise design of oscillator 
and pulse generator circuits is often impracticable. Many circuits can best be devised by making 
use of the analogy between transistor amplifiers and their valve-operated counterparts. 
Descriptions are given of several experimental oscillators which have been developed by making 
use of these principles. They include tuned-circuit, crystal controlled and blocking oscillators. 


GREAT deal of published work has appeared on the 
A physics of point-contact and junction transistors and 
equivalent circuits have been derived from which the per- 
formance of idealized linear amplifiers may be predicted. 
The design problem is complicated because of wide varia- 
tions in the characteristics of available transistors, 
nominally of the same type, and it is commonly found 
that individual adjustment of component values is required 
to meet a given specification. Because of this lack of 
uniformity in characteristics there are many transistor 
circuits which can best be devised by making intelligent 
use of a rather loose correspondence which exists between 
these and certain well-known valve circuits. It is the object 
of this article to describe a few useful oscillator and 
pulse generator circuits, mostly developed by cut-and-try 
methods aided by simple reasoning from the principles 
just mentioned. 


Transistor Operation 


Point-contact transistors require that the collector element 
is biased negatively with respect to the base. In normal 
operation the emitter is positively biased and the emitter 
current should preferably be supplied from a high im- 
pedance (constant current) source. As in the case of valves, 
automatic biasing schemes may be devised so that only a 
single power supply is required. 

Junction transistors are assembled from specimens of 
n- and p-type germanium, either in the sequence npn or 
pnp. Operationally the only difference is in the requisite 
polarity of the supply source. The pnp units call for the 
same polarity as the point-contact types while the npn 
units require that the batteries are reversed. Junction 
transistors will operate successfully at much lower power 
levels than the point-coritact types. 

Transistor units of all types have a very low thermal 
inertia and are easily damaged by momentary current 
surges. During development work a current-limiting 
resistor should be connected in the power supply leads 
and care must be taken to avoid the accidental discharge 
of a large capacitor through the transistor. High ambient 
temperatures adversely affect the performance but in 
normal practice no trouble need be experienced if a few 
elementary precautions are taken to safeguard the units. 


Transistor Amplifier Characteristics 


Fig. 1 shows two amplifier circuits suitable for use with 
junction transistors. The earthed-base circuit in Fig. 1 (a) 
resembles an earthed-grid valve amplifier. The input im- 
pedance is low (of the order 200 to 5000), the output 
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impedance is very high and there is no phase change 
between the input and output voltages. The earthed emitter 
circuit shown in Fig. | (b) is similar to an earthed cathode 
valve amplifier. The input impedance is considerably 
higher than in the previous case, the power gain is greater 
and the output voltage developed across the load resist- 
ance R is reversed in phase as compared with the driving 
voltage. In most cases this circuit is preferable to the 
earthed base alternative. The third possible circuit, employ- 
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Fig. 1. Pnp junction transistor amplifiers 
(a) Earthed base circuit (b) Earthed emitter circuit 


ing an earthed collector, is not of particular interest in 
the present connexion. 

The point-contact transistor is quite satisfactory as an 
earthed base amplifier, except that the signal-to-noise ratio 
is rather poor, particularly at low frequencies. Under 
proper conditions the earthed emitter circuit can also be 
used successfully but there is a risk of instability due to 
the fact that in the point-contact transistor there is a 
current gain greater than unity between emitter and 
collector circuits. Stability can always be secured, at the 
expense of power gain, by increasing the external emitter 
and collector circuit resistances or by reducing the base 
circuit resistance which effectively reduces the positive 
feedback. 

The power gain of junction transistor amplifiers falls 
off at frequencies higher than about 20kc/s but in other 
respects the performance is superior to that of the point 
contact type. In particular the noise output is low and 
both amplifiers and oscillators will function with high 
efficiency at exceedingly low power levels. A typical pnp 
audio frequency amplifier, deriving collector power and 
emitter bias from a single supply, is shown in Fig. 2. 
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Fig. 2. Earthed emitter amplifier employing pnp transistor 








Transistor Oscillators 


Provided that the power: gain is large enough any tuned 
amplifier can be converted into an oscillator by coupling 
the output back to the input circuit. It is of course essen- 
tial to arrange that the phase of the feedback voltage is in 
the correct sense to sustain oscillation. In a valve oscil- 
lator the a.c. conditions are satisfied by connecting the 
grid and anode leads to the opposite ends of the main 
tuned circuit while the cathode tap is taken to an inter- 
mediate point. The ratio of the voltage drop between 
anode and cathode to that between grid and cathode is 
equal to the stage gain of the valve and its associated 
circuit. All tuned-circuit oscillators of the three-terminal 
type satisfy these conditions and practical arrangements 
merely require the provision of d.c. feed and grid bias. 
Similar arguments apply even when a separate reaction or 
coupled winding is used instead of a tapped tuned circuit. 

Transistor oscillators can be developed from similar 
considerations. Correct a.c. conditions are secured when 
the collector and base are connected to opposite ends of 
the tuned circuit while the emitter lead is taken to an 
intermediate point. A single earth connexion may be made 
to any point of the system without affecting its operation. 
In any type of oscillator the waveform is most nearly 
sinusoidal when the regeneration is set so that oscillations 
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Fig. 3. Pnp junction transistor 
oscillators 


(a) Series feed earthed base 
oscillator (5 000c/s) 

(b) Shunt feed earthed base 
(5 250c/s) 

(c) Earthed emitter oscillator 
(5 000c/s) 
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are barely sustained. The stability of frequency is greatest 
when the tuned circuit is very loosely coupled to the 
maintaining system, (valve or transistor). 

The oscillator circuits so far discussed are of the con- 
ventional three-terminal variety but two-terminal negative 
resistance valve oscillators can be devised, employing 
dynatron or transitron circuits. A two-terminal point- 
contact transistor oscillator of this type is also known. It 
makes use of the negative resistance which exists between 
the base and the other electrodes when low (or zero) 
resistances are externally connected in the emitter and 
collector circuits. 

Three tuned-circuit oscillators employing pnp junction 
transistors are shown in Fig. 3. Component sizes are given 
so that the circuits may be adapted for use at other 
frequencies by making proportional changes in all the 
element values. The best arrangement is that given in 
Fig. 3(c), in which the transistor is very loosely coupled 
to the primary tuned circuit. The observed waveform is 
extremely good and the power efficiency very high. This 
circuit works satisfactorily from a single dry cell, under 
which conditions the total current drain is less than ImA. 

Many similar circuits can be devised, all making use of 
the same basic principles and all giving a comparable 
performance. 


Crystal Controlled Oscillators 


It has already been remarked that the performance of 
junction transistor amplifiers falls off at relatively low 
radio frequencies, but there is no particular difficulty in 
designing circuits with sufficient gain to ensure reliable 
working of quartz oscillators up to about 100kc/s, using 
crystals of high activity. There is little or no published 
work on transistor drive circuits for use with low frequency 
flexural mode quartz vibrators using bars or ring crystals 
operating in the range | to 20kc/s. The theory of these 
vibrators and the design of suitable valve maintaining 
circuits have already been described in detail’. Such 
arrangements represent the most economical method of 
generating a series of precisely known audio frequencies 
without the necessity for many complex stages of frequency 
division. For example, a 1000c/s ring crystal followed by 
one conventional decimal divider stage and two simple 
cold-cathode decade counters could be devised to generate 
a whole range of low frequencies and to provide one- 
second time marker pulses. Ring and bar vibrators can 
only be operated at a low power level without the risk of 
crystal fracture and this power limitation also applies to 
transistor operation. It is therefore of interest to develop 
suitable transistor drive circuits, together with frequency 
dividers which will also function at extremely low power 
levels. The electrode arrangement of a _ three-terminal 
quartz flexural vibrator is shown pictorially in Fig. 4(a) 
and schematically in Fig. 4(b). At its resonant frequency 
the system is represented approximately by a_phase- 
reversing transformer of unity ratio, having a fairly high 
resistance in series with one of its windings. The equivalent 
circuit is shown in Fig. 4(c). 

A Suitable circuit for maintaining the bar in continuous 
vibration is shown in Fig. 5. It employs a point-contact 
transistor of which the emitter is earthed. Assuming that 
the circuit is working, there is an alternating voltage 
developed across the collector load resistor. This is applied 
to the crystal causing an attenuated voltage of reversed 
phase to appear across the output electrodes and also 
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across the main tuned circuit. A secondary winding 
provides the transistor driving voltage without further 
phase change. Self bias is provided by the RC combination 
in the base lead. By careful selection of the collector load 
resistance it is possible to raise the base circuit input 
impedance but there is a risk of instability if this becomes 
negative. In this case uncontrolled oscillations occur, the 
frequency of which depends on the LC product of the 
tuned circuit, and is unaffected by the presence of the 
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(b) (¢) 
. | D 
Fig. 4. Low frequency quartz vibrators 
(a) Electrode arrangement of 3-terminal quartz flexural vibrator 
A and D: Free terminals 
B and Cc: Cross connected 


(b) Schematic diagram of 3-terminal vibrator 
(c) Simplified equivalent circuit at resonance 
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Fig. 5. Point-contact transistor oscillator with 1S5kc/s quartz vibrator 


crystal. In practice, a fair amount of regeneration can be 
applied before instability is observed. Circuits employing 
positive feedback are not strictly designable and they are 
rightly suspect. Unfortunately the margin of reserve power 
gain of currently available transistors is so low that it is 
not always possible to avoid these subterfuges. 

A circuit employing a junction transistor is shown in 
Fig. 6. It is somewhat difficult to set up because of the 
complex impedance matching and tuning adjustments 
which have to be made but its performance is otherwise 
superior to that of the arrangement shown in Fig. 5. If 
the two free electrodes of a three-terminal vibrator are 
coupled together the resulting two-terminal element can be 
used in any conventional crystal, oscillator circuit. At 
its series resonant frequency the vibrator is electrically 
equivalent to a resistance of several thousand ohms. 
When used as a circuit element in a network it is evident 
that the vibrator will cause severe attenuation of output 
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current and voltage unless the remaining network elements 
are of abnormally high impedance. 



































Fig. 6. Junction transistor oscillator with 15kc/s quartz vibrator 


Blocking Oscillators 


Point contact transistors which give a current multipli- 
cation factor of two or more have been employed in a 
wide variety of counter and divider circuits? *. Blocking 
oscillators employing junction transistors have received 
much less attention. Experience shows that they can be 
employed in simple circuits to give reliable operation with 
moderately high division ratios and at very low power 
levels. They are thus well suited for operation in conjunc- 
tion with crystal controlled transistor oscillators. 

One of the simplest circuits is given in Fig. 7. As shown, 
the arrangement is a self-running oscillator which produces 
a train of recurrent pulses the repetition frequency of 
which is primarily settled by the RC product in the base 
circuit. The pulses can readily be locked to an external 
signal at a multiple or sub-multiple frequency. Division 
ratios of about 15 are practicable, but for the highest 
stability the factor should be 5 or less. The damping diode 
connected across the primary winding of the transformer 
serves to prevent ringing and ensures that only a single 
pulse is produced during each cycle of operation. Trigger- 
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Fig. 7. Blocking oscillator using junction transistor 


ing is easily achieved with either pulse or sine wave inputs. 
The transformer characteristics are in no way critical. 
The primary (collector circuit) winding should have an 
inductance of one or two henries for use at a frequency 
of Ikc/s. The secondary (emitter circuit) winding should 
be of rather lower inductance, preferably corresponding to 
a turns ratio of about 2:1. The winding resistances are 
unimportant. 


The free-running frequency may be adjusted in steps 
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by switching different capacitors into the base circuit. Fine 
adjustment is made by means of the continuously variable 
resistor. Provision is made for injecting a locking signal 
into the emitter circuit. The component values shown are 
suitable for coupling the synchronizing terminal direct to 
the output terminal of the oscillator shown in Fig. 5. 

The circuit of Fig. 7 works well at 5kc/s when drawing 
a total current of 200uA from a 2V collector supply. 
When the blocking oscillator is triggered at a sub-multiple 
frequency the output pulses appear in groups separated by 
definite spaces. It is easy to vary the spacing between 
pulse groups and to change the number of pulses in each 
group by altering the fundamental frequency of the block- 
ing oscillator and by varying the sub-multiple locking 
frequency. This circuit is useful as a synchronous gating 
signal generator for periodically selecting any specified 
number of pulses from a stream of impulses such as might 
be employed in an electronic computor or communication 
system. 


Conclusion 


From the limited amount of experimental work 


A Coupling Circuit for Distributed 
Amplifiers * 


Aon distributed amplifiers were first proposed by 
W. S. Percival as long ago as 1935 it is only recently that 
they have been put to any considerable use. These circuits, 
as is well known, possess the virtue of providing a high 
degree of amplification over very wide bandwidths. As an 
illustration of this valuable property they can for instance be 
used with effect over frequency ranges extending from a few 
cycles per second up to say 200Mc/s. : 

In applications of this kind there is inevitably some problem 
in how to couple one such amplifier to another; and it does 
not require much imagination to realize that in so extensive 
a range a coupling arranged to operate satisfactorily for the 
high frequencies of the band may well be inadequate for the 
lower frequencies; whereas another circuit which correctly 
transfers the lower frequencies may not transfer the high fre- 
quency components. Simple capacitance couplings tend to fail 
in both respects. As a result practical coupling circuits have 
been of rather special kind, and several proposals have been 
based on the well known constant resistance circuit. A circuit 
of a very much simpler form has, however, been put forward 
by Yu, Kallmann and Christaldit and this is illustrated in the 
diagram. On the left of the diagram there is shown the anode 
line of one distributed amplifier, which is coupled to drive 
the grid line of a further distributed amplifier shown on the 
right of the diagram. As will be seen the two lines are con- 
nected simply by a capacitor C and as is normal the uncoupled 
end of the anode line is terminated in a resistor R equal to 
the characteristic impedance of the line. The remote end of 
the grid line is closed by a resistor R’ connected in series with 
a capacitor C’. The junction of these two elements is con- 
nected through a leak resistor to a bias source so that the 
correct bias is applied to the control grids of the valves of the 
driven amplifier and this resistor is made of large value com- 
pared with that of the resistor R. Further, the characteristic 
impedances of the two lines are arranged to be equal and in 
order to give a flat frequency response over the whole range 
the magnitudes of the resistor R and R’ are chosen to be identi- 
cal; likewise the capacitances of the capacitors C and C’. For 
high frequencies the reactance of the capacitors C and C’ is 
very small and the anode line is connected in effect directly to 
the following grid line, the latter line being terminated correctly 





* Communication from E.M.I. Ltd. 


t Yu, Y. P., KALLMANN, H. E., Curistacp1, P.S. Millimicrosecond Oscillo- 
graphy. Electronics, 24, 106 (July, 1951). 
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described above, it appears that it should be possible to 
produce commercially a small battery-operated secondary 
standard of frequency consisting of a crystal oscillator 
and two or three blocking oscillator dividers, making avail- 
able a wide range of precisely known audio frequencies. 
The range could be extended downwards by adding one 
or more cold-cathode counter tubes without reducing the 
reliability of the equipment, although at the expense of 
introducing circuit complications. 

The performance of transistors is adversely affected by 
high temperatures and this disability tends to restrict 
their field of application. The power gain of currently 
available types is rather less than is desirable. It would 
be possible to simplify a number of the circuits described 
above if they could be improved in this respect. 
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in its characteristic impedance. For low frequencies such that 
the reactance of the capacitors C and C’ cannot be regarded as 
negligible, the inductances of the lines act virtually as direct 
connexions and the shunt capacitances may be neglected. The 
arrangement then reduces to a driving amplifier of internal 
impedance equal to the characteristic impedance of the line in 
series with the reactance of the capacitor C, this amplifier 
operating into a load of identical impedance. The transfer 
between the two circuits is thus unity. In the cross-over range 
ma the high and low frequency bands the response remains 
uniform. 











Coupling of distributed amplifiers. 


By an interesting departure which entails only a modifica- 
tion of circuit parameters, the arrangement may be made to 
function with a greater gain that is possible in the form just 
described. This follows from the fact that the total stray 
capacitance associated with the anodes of the valves driving 
the anode line tends in practice to be less than the total stray 
capacitances associated with the control grids of the control 
grid line. The anode line may therefore be operated with a 
higher characteristic impedance giving greater amplification. 
In these circumstances of course the simple choice of values 
advocated by Yu, Kallmann and Christaldi cannot be used but 
a flat response is obtained if the time-constant of the capacitor 
C and the resistor R is made equal to the time-constant of the 
capacitor C’ and the resistor R’. It will be realized that 
operating the circuit with the two lines of unequal impedance 
must give rise to a reflexion at the higher frequencies from the 
input of the grid line back along the anode line. This reflexion, 
however, is of no consequence since it becomes absorbed by 
the terminating resistor of the anode line. 
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A Cascode Amplifier Degenerative Stabilizer 


By V. H. Attree*, B.Sc. 


A modified cascode amplifier has a gain of over a thousand times. A degenerative stabilizer using 
the cascode has a much better performance than a conventional stabilizer having a pentode shunt 


amplifier. 


fy fore performance of a degenerative stabilizer is largely 
dependent on the gain available in the shunt amplifier. 
For instance, the output impedance Z, of such a stabilizer 
is given by the approximate expression Z, = 1/ gma, where 
2m is the mutual conductance of the series valve and a the 
effective shunt amplifier gain. In a typical circuit’ using 
a pentode shunt amplifier gm = 5mA/V and a = 100 giving 
an output impedance Z, of 20. This value of output imped- 
ance is about the best that can be achieved with a single 
pentode shunt amplifier. With stabilizers of this type a 
high gain cannot be obtained with the anode load of the 
shunt valve returned to the stabilized side of the supply, 
and it is usual to run the shunt valve from the unstabilized 
side. This gives rise to undesirable feedback at low fre- 
quencies and causes the effective gain to be much smaller, 
especially at frequencies around 10 to 15c/s, where the 
impedance of the unstabilized side is at a maximum. This 
reduction in gain increases the stabilizer output impedance 
at low frequencies; for instance, in the circuit previously 
mentioned’ the impedance rises from 20 at 100c/s to a 
maximum of 300 at 12-5c/s. A not less important effect 
of running the shunt valve from the unstabilized side is 
to increase the effect of mains voltage changes on the output. 

There are two main ways of overcoming the reduction 
in effective gain. The first is to provide a separate neon 
stabilizer for the anode of the shunt valve; this introduces 
another source of noise into the circuit and may give rise 
to striking-voltage difficulties. The second method, some- 
times known as “forward feedback ”’, is to inject a frac- 
tion of the unstabilized voltage into the shunt amplifier 
circuit. The use of compensation by forward feedback 
was first described by Miller? and a number of different 
circuit arrangements have been given in the literature’’’. 
The fraction of the unstabilized voltage required for com- 
pensation is approximately equal to the reciprocal of the 
shunt amplifier gain (i.e. 1/a). Unfortunately the gain 
is a function both of the frequency and the load current, so 
that exact compensation is only possible at one frequency 
(which can be d.c.) and at one load current. A practical 
difficulty with forward feedback is that the optimum setting 
for the feedback potentiometer can be found only by modu- 
lating at a low frequency either the load or the power 
supply voltage: adjusting the control for minimum hum 
at the output, as is the usual practice, does not necessarily 
give the correct setting. 

A very effective way out of these difficulties is to use a 
modified cascode shunt amplifier. This will give a gain of 
over 1000 and will run directly from the stabilized side of 
the supply. Thus, not only is the performance much better, 
but forward feedback is no longer necessary, which elimi- 
nates one variable control. 

The cascode arrangement is no more complex than the 
pentode and, in fact, from the component point of view, 
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The circuit is simple and does not require compensation from the unstabilized side. 


the only difference is that a double-triode valve is required 
in place of the pentode, the number of resistors being the 
same. 


Cascode Amplifier 

The basic cascode amplifier is shown in Fig. 1. The 
input signal is fed to V, grid and the output is taken from 
V. anode. The circuit was first given by Hunt and Hick- 
man* and subsequently it has been discussed by a number 
of other writers °'*. The complete gain equation for the 
circuit is given below and for the present we will use the 





Fig. 1. Basic cascode circuit 


approximation A = gm,Ra, where A is the gain, gm, the 
mutual conductance of V,, and R, the anode load. From 
this expression it would appear that the gain of the simple 
cascode would increase linearly with the value of the anode 
load. However, in a practical amplifier the supply voltage 
is fixed and an increase in the load results in a decrease in 
the anode current at which the cascode can be run. The 
reduced anode current results in a smaller value for the 
mutual conductance gm,, as the slope of a triode is a func- 
tion of the anode current. This point is illustrated by some 
measurements on a 12AX7 valve given in Fig. 2. The 
measurements were taken by a bridge method with a very 
small grid signal (<1mV) and at an anode potential of 
70V. Similar curves, but with somewhat lower values of 
2m, are obtained with other double triodes, such as the 
12AT7 and 12AU7, operating in the low-current region. 
Both scales are logarithmic and a linear relation between 
anode current and mutual conductance would be repre- 
sented by a line of unit gradient. It will be seen that for a 
range of currents of 5 to 500uA the gradient is approxi- 
mately unity and the relation may therefore be taken as 
being linear. Thus we may replace gm, by Kia, where K 
is a constant and i, the anode current, and the simplified 
expression for the gain of the cascode becomes Ki,Ra. 
When the cascode is used as a shunt amplifier in a voltage 
stabilizer the important property is the gain obtainable for 
a particular voltage drop across the anode load: on this 
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basis the cascode gain Ki,R, is independent of the load 
resistance, 

The gain limitation due to the change of valve para- 
meters with anode current may be overcome by running 
the lower valve V, at a much higher anode current than 
the upper valve V,. In this way the mutual conductance 
2m, can be maintained at a high value irrespective of the 
value of R, in V,. The additional current for V, is obtained 
by a resistor connected between the h.t. line and V, anode. 
The impedance at the junction of V, anode and V, cathode 
is relatively low and is virtually unaffected by the added 
resistor. 


The Modified Cascode 

Although the very simple treatment given above leads to 
conclusions that are essentially correct, it is as well to 
examine the circuit in a little more detail in order to 
evaluate the magnitude of the approximations involved. 
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Fig. 2. Relation between mutual conductance and anode current for 
12AX7 at V,=70V 


The exact expression for the gain of the cascode in Fig. 1 
is: 





Ha(fe 2, 1)Ra (1) 


Cr 


4 ile + Tao + Yai (te + 1) 


for equal valves this reduces to: 


ey 22... Tt ee (2) 
Ra + ra(u + 2) 


However, in the modified cascode ra, is mot equal 
to ra, and it is necessary to proceed as follows: 
For a triode valve yu is substantially independent of anode 
current and both gm and r, are functions of current. The pro- 
duct gmra, which is, of course, equal to 4, remains constant. 
The valves V, and V, are both halves of the same double 
triode, hence », = ps. Further, if we take a 12AX7 valve 
nu is 100 and we may write » for (u + 1) in equation (1) 
with no serious error. Hence equation (1) becomes 


2 
A 4 Mite: . e 
R,z + Tao + Pay 





dividing by pra, 


eg QmRa 
A EE CPO reggae (4) 


If the lower valve V, operates under nearly constant con- 
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ditions with an anode current of 700uA its mutual con- 
ductance is 1-4mA/V (Fig. 2) and ra, is 70kQ. The term 
fa, in the denominator is therefore 7MQ. Thus if the 
gain is to be given by the numerator of equation (4) then 
(Ra + fax) <7MQ. If Ra is 1MQ and the anode potential 
drop is 20V then the anode current is 20uA giving gm. = 
0-ImA/V (Fig. 2) and ra, = 1MQ. Hence (Rs + raz) is 
2MQ, and the actual gain is 20 per cent less than gm,Ra. 


Application to a Degenerative Stabilizer 
In a practical ‘stabilizer circuit the gain is reduced by 
the effect of the reference neon in the cathode circuit of 


' + +300V 
R 
220k R, 


——O Out 




















Fig. 3. Modified cascode circuit 
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Fig. 4. Relation between anode load and gain of modified cascode with 
20V d.c. drop on load 


Curve a, S, open: curve B, S, closed. 
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the lower valve. In order to measure the gain realized 
under working conditions the arrangement of Fig. 3 is used. 
The switch S, permits the 220k resistor R, to be brought 
into circuit. The additional current supplied via R, to the 
lower valve is 670uA. The bias voltage Vx is adjusted to 
give the desired potential drop across R, and gain measure- 
ments are made at a frequency of 500c/s. The curves of 
Fig. 4 are made for a fixed potential drop of 20V across 
the anode load. With S, open and for anode loads of 
200kQ to 4MQ the gain remains very nearly constant at 
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about 100 times (curve A), and with S, closed the gain 
increases with load until at 4MQ it is 1 700 times (curve B). 
The second set of curves, shown in Fig. 5, illustrate the 
relation between gain and potential drop across a fixed 
anode load of 2MQ. With S, open (curve c) the gain 
increases linearly with potential drop, as expected from the 
simple theory, while with S, closed (curve D) the gain is 
1000 for a 10V p.d. improving to 1500 at 100V p.d. 

From these measurements it is evident that, even when 
taking the effect of the neon reference tube into account, 
the gain of the modified cascode will be at least 1 000 times 
for a potential drop of 10 to 100V across the load. This 
corresponds to anode currents of 5 to 50uA in the upper 
valve. 

A high gain at low anode currents can also be obtained 
by the so-called “starvation” circuits'®’’, but these have 
less gain than the cascode and are reported to have poor 
stability'*. Starvation circuits require much higher anode 
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Fig. 5. Relation between voltage drop on anode load and gain of modified 
cascode with 2M{) load 


Curve c, S, open: curve D, S, closed. 
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loads than the cascode and have therefore an inferior 
frequency response. 


Cascode-Amplifier Degenerative Stabilizer 

The circuit of a complete stabilizer is shown in Fig. 6. 
The gain reduction due to the neon impedance is avoided 
at medium and high frequencies by the 0-1uF decoupling 
capacitor C,. The 1000 resistor R, is necessary to ensure 
that there is no risk of relaxation oscillations between 
the capacitor and possible negative resistance of the neon 
tube. Unfortunately the added resistance increases the 
impedance in the cathode circuit of the lower triode at 
very low frequencies and d.c. The capacitor C, also helps 
to reduce the amount of noise from the neon tube. The 
cascode anode load R, is 2:2M() so that the gain charac- 
teristics are essentially as given by curve p in Fig. 5. The 
total capacitance at the grid of the 12E1 is 32pF and the 
frequency response of the cascode is 3dB down at 2-5kc/s. 
A low output impedance at higher frequencies is maintained 
by the large capacitor C, shunted across the output. Because 
of the high amplifier gain the cascode grid is susceptible 
to hum pick-up. Hum troubles are largely avoided by 
making the impedance of the voltage divider R,-,, fairly low 
and by locating the control potentiometer R, close to the 
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Fig. 6. Cascode-amplifier degenerative stabilizer 


valve grid pin. The 0-25uF by-pass capacitor improves the 
action of the stabilizer by eliminating the attenuation of 
the voltage divider at medium and high frequencies. With 
careful layout the total hum and noise level at the output 
is 100 to 200uV r.m.s.; the exact value depends mainly on 
stray voltages induced from heater and mains wiring rather 
than on the hum level at the unstabilized side which is 
2 40°S¥. , 

As in the case of the shunt stage the valve parameters 
of the series valve change very considerably over the work- 
ing range. The actual voltages on the 12E1 series valve V, 
are shown in Fig. 7. The voltage at the anode falls from 
525V at 10mA load to 390V at 150mA and the correspond- 
ing grid voltage change is from 210V to 295V corresponding 
to a potential drop across the anode load of the cascode 
of 90V down to 5V. These are typical values for a stabilizer, 
although with a smaller series valve, such as the EL81, the 
grid base will be shorter. The effective value of the mutual 
conductance g,,’ is found by differentiating the grid voltage 
curve with respect to load current. The value of gm’ changes 
from 0:5mA/V at 10mA load to 3‘5mA/V at 150mA load. 


Fig. 7. Characteristics of 12E1 series valve in Fig. 6 
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The large range of effective slope shows why forward feed- 
back in a conventional stabilizer can be made to give exact 
compensation only over a narrow range of load current. 


The output impedance of the stabilizer has been measured 
at several values of load current and for the frequency range 
0 to 50kc/s. The impedance is in general about 0-20 
increasing to 0-5Q at d.c. where the capacitors C, and C, 
are ineffective. 

The impedance rises at frequencies around 30kc/s and 
as the reasons for this are somewhat complex the matter 
is discussed in the next paragraph. 


High-frequency Performance of Cascode Stabilizer 

In degenerative stabilizers having a large shunt amplifier 
gain high-frequency instability troubles are often en- 
countered. The difficulty arises because there is more than 
one effective time-constant controlling the rate of gain 
cut-off at high frequency. In the case of the cascode the 
high-frequency cut-off is dominated by the time-constant at 
the grid of the 12E1 series valve and oscillation troubles 
are absent. However, there is sufficient phase-change else- 
where in the circuit to cause a rise in the output impedance 
at a frequency of 30 to 50kc/s. The magnitude of this 
impedance rise may be reduced either by a phase-advance 
network to the cascode grid or by introducing a loss com- 
ponent in the output capacitor (C, in Fig. 6). The first 
method has the disadvantage that it entails a reduction in 
the gain at low frequencies and increases the danger of hum 
pick-up on the grid. The second method is much more con- 
venient as the unwanted rise in output impedance can be 
almost completely suppressed by including a resistance of 
the order of 12) in series with the output capacitor. 

It has been found that the necessary component is 
already present in electrolytic capacitors. The loss resist- 
ance of a number of different types of 16uF electrolytic 
capacitors has been determined on a Q bridge. The 
measurements were made at S50kc/s with an accuracy of 
about 0-19. In every case the loss is between 0-7 and 1:52 
and magnitude of the rise in output impedance, obtained 
with the capacitor on the stabilizer output, does not exceed 
1-70. 


Balanced Cascode Circuit 


One of the objections to the circuit of Fig. 6 is that heater 
voltage changes in the 12AX7, V., alter the contact poten- 
tial in the lower valve of the cascode and hence cause a 
change in the output voltage. For a +10 per cent change 
in the mains supply the output alters by +=0-4V which cor- 
responds to a change in contact potential of 110mV at the 
cascode grid. The difficulty may be overcome by using the 
circuit of Fig. 8. The neon potential is smoothed by the long 
time-constant filter R,, and C, and appears on the grid of 
V,», While the voltage divider R,-,, feeds the grid of Vsa. 
In this way variations in contact potential are balanced out 
in the long-tailed pair V,a, V,v. The upper valve of the 
cascode is V.» and the triode section V.. is used as a 
cathode-follower to drive the grid of the series valve. This 
improves the frequency response and is particularly useful 
when two or more series valves are used in parallel con- 
nexion in order to increase the available load current. The 
anode supply for the cathode-follower is taken from the 
unstabilized side of the supply; voltage variations at this 
point have negligible effect on the performance as the gain 
up to the cathode-follower grid is very high—of the order 
of 1 000 times. 
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Fig. 8. Degencrative stabilizer with balanced cascode amplifier 








With the balanced circuit a +10 per cent change in the 
mains supply alters the h.t. line by +70mV; of this output 
change +30mV is due to the change in the voltage at the 
anode of the series valve and +40mV is due to residual 
unbalance in the long-tailed pair V,., V,». Contact potential 
variations in V.a, V.» and the series valve V, have prac- 
tically no effect. 


Conclusion 


In spite of the high gain the cascode presents no special 
difficulties of layout or stability and, at the time of writing 
some twelve power units have been constructed in this 
laboratory, mostly with the circuit of Fig. 6. These units all 
had hum levels of better than 500uV over the full load 
current range, and output impedances of about 0-20 at 


500c/s. 
REFERENCES 


. Atrree, V. H. A d.c. Stabilized Power Supply of Low Impedance. J. Sci. 
Instrum. 25, 263 (1948). 
. Miter, S. E. Sensitive d.c. Amplifier with a.c. Operation. Electronics 14, 
27 (Nov. 1941). 
Hoaa, F. L. Electronic Voltage Regulators. Wireless World 49, 327 (1943). 
Hm, W. R. Analysis of Voltage Regulator Operation. Proc. Instn. Radio 
Engrs. 33, 38 (1945). 
. Harris, E. J. A Note on Stabilizing Power Supplies. Electronic Engng. 20 
96 (1948). 
6. Scroccir, M. G. Stabilized Power Supplies. Wireless World 54, 373 (see 
pp. 377 and 416) (1948). 
7. BENSON, F. A. The Design of Series Parallel Voltage Stabilizers. Electronic 
Engng. 24, 118 (1952). (see also correspondence pp. 343 and 385). 
8. Hunt, F. V., HICKMAN, R. W. Electronic Voltage Stabilizers. Rev. Sci. 
Instrum. 10, 6 (1939). 
9. WALLMAN, H., MACNEE, A. B., GASDEN, C. P. A Low Noise Amplifier. 
Proc. Instn. Radio Engrs. 36, 700 (1948). 
10. VALLEY, G. E., WALLMAN, H. Vacuum Tube Amplifiers. M.1I.T. Radiation 
Laboratory Series 18, 440 (McGraw Hill, 1948). 
11. GrEENWoopD, I. A., HoLpaM, J. V., MAcRAgE, D. Electronic Instruments. 
M.I.T. Radiation Laboratory Series 2/, 548 (McGraw Hill, 1948). 


_ 


N 


ad 


wv 


.12. SowerBy, J. Mc G. Electronic Circuitry. Wireless World 54, 249 (1948) 


and 55, 50 (1949). 

13. STaRR, A. T. Radio and Radar Technique. 410 and 700 (Pitman, 1953). 

14. Mabey, R., Farty, G. An Electronic Voltage Integrator. Rev. Sci. Instrum. 
25, 275 (1954). 

15. Price, R. L. Cascode Audio Amplifier has Low Noise Level. Electronics 
27, 156 (Mar. 1954). 

16. Vo_Kers, W. K. Direct-coupled Amplifier Starvation Circuits. Electronics 
24, 126 (Mar. 1951). 

17. Fercuson, W. A. High Stage-gain at Low Frequencies. Mullard Technical 
Communications No. 6, 137 (1954). 


18. Erpte, P. J. Starvation Circuits and Their Limitations. Sylvania Technologist 
6, 85 (1953). 


ELECTRONIC ENGINEERING 





A New Demountable 
X-Ray Tube 


By J. A. Darbyshire*, M.Sc., Ph.D., F.Inst.P. 


The construction of a new demountable X-ray 
tube having a water cooled target capable of a 
dissipation of 500W is described. 


= time ago a small sealed-off X-ray tube com- 
mercially known as the B100 was introduced by 
Ferranti Ltd. 

This tube is shown in Fig. 1 and its electrical charac- 
teristics are as follows: 


Filament voltage 2:5V 
Filament current 5‘SA 
Target voltage (max) 40kV 
Screen voltage 0 to 1-4kV 
Spot size (approx.) 

(at 40kV and 100uA) 0-6mm 
Max. target dissipation (continuous) 25W 


Max. target dissipation (for 20 seconds) 5S00W 


In response to requests for a tube of higher power the 
demountable type of X-ray tube shown in Fig. 2 has been 
developed recently. 

This tube is designed so that it can be very easily dis- 
mantled and it is possible to clean or renew the target and 
fit a new filament and window in a very short time. 

The main constructional features are as follows: 

The end plates are made of brass and the vacuum joints 
between the end plates and the main glass of the tube are 
made by means of “O” rings. 

These “O” rings are compressed between the two- 
component flanges which comprise the end plates of the 
system. 

A similar technique is used to attach the window to the 
side tube. This window is made of polythene and is there- 
fore very transparent to low voltage X-rays. A window of 
beryllium or aluminium or any other material could easily 
be fitted if desired. . 

The filament is constructed from tungsten wire and it is 
surrounded by a shield which can be used as a modulating 
electrode, and to some extent, as a focusing electrode. The 
target is water cooled and is capable of a dissipation of 
500W. 





* Ferranti, Lid. 


Fig. 3. 


For X-ray diffraction the target is designed to be end-on 
to the beam and the X-ray output can be taken from the 
window on the side tube. 

If required, this diffraction tube can be provided with 
two windows, one on either side of the tube. For radio- 
graphic work the target is inclined at an angle of 67° to the 
beam so that a large uniform field of radiation is available. 

The target is usually made of copper, but the end plate 
can be removed very easily and a target of another material 
such as nickel, cobalt or chromium can be inserted when it 
is desirable to use characteristic radiation of different wave- 
lengths. 

The tube is evacuated by means of any conventional high 
vacuum system. For example, a rotary oil pump type 1S50 





Fig. 2. The higher power sealed off X-ray tube 


followed by a silicone diffusion pump of type 102 would 
be quite satisfactory. 

The tube can be operated at any anode voltage up to 
45kV and at any beam current such that the target dis- 
sipation of 5O0W is not exceeded. The beam current 
remains very steady during the operation of the tube when 
it is even as high as 15mA. 

It has been found that very satisfactory X-ray photo- 
graphs can be obtained when the target voltage is no 
higher than 25kV. 

Fig. 3 is an illustration of a photograph of pure Al,O, 
taken using a copper target. The tube in this instance was 
operated from a half-wave rectified supply of 25kV at a 
beam current of 15mA and the exposure was three hours. 

These X-ray tubes have been developed in the Physical 
Laboratory at Moston by Mr. R. D. Phillips and Mr. 
D. M. Taylor and Mr. E. Thomas. 


Reproduction of photograph of pure ALO, using 2 copper target 
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DEUCE 


(A New Digital Computor) 


{h- English Electric Company have now developed a new 
digital electronic computing machine which is in commer- 
cial production. 

This machine is the Digital Electronic Universal Calculating 
Engine (DEUCE). It is the outcome of years of intensive 
development of ideas first put forward shortiy after the war at 
the National Physical Laboratory at Teddington. Sir George 
Nelson, Director of the English Electric Company, was ap- 
proached at that time by Sir Charles Darwin of the N.P.L. with 
a request that the English Electric Company should assist the 
scientists at N.P.L. with the development of an Automatic 
Computing Engine, a machine of vast potential whose logical 





The magnetic recording drum 


design had already been worked out at N.P.L. The company 
provided a team of engineers and craftsmen to work at Ted- 
dington and as a result a Pilot Model ACE was brought into 
successful operation in the Mathematics Division at N.P.L. in 
February 1952. This pilot model proved to be an outstanding 
success in solving problems for many branches of Government 
and industry. The experience gained with this early machine 
was of great help in determining the next stages of develop- 
ment. The English Electric Company decided to produce a 
fully engineered version of this machine embodying all the 
improvements which were suggested by the extensive opera- 
tional experience at the N.P.L. 

In the DEUCE, numbers and instructions are represented 
by sequences of pulses at intervals of 1 microsecond. A train 
(or “ word”) of 32 such pulses is used to represent either a 
number (equivalent to 9 decimal digits with sign) or an instruc- 
tion. Two forms of storage are provided. The first is 
intimately associated with the computing circuits and includes 
12 mercury delay lines each storing 32 words together with 10 
shorter lines of various lengths which are used as accumulating 
registers, etc. The second store of large capacity (8 192 words 
—or more than a quarter of a million digits) is provided by 
a magnetic recording drum. Information can be written on 
or read from 256 tracks by means of two sets of 16 heads, 
either of which can be moved inte any of 16 positions by a 
high speed shifting mechanism giving access to any track in 
25 milliseconds. 

Input and output of information is on 80 column punched 
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The control desk and input and output mechanisms 


cards of standard type. Use of a card punch instead of a 
printer on the output enables the maximum speed of the com- 
putor to be utilized; subsequent sorting and printing can then 
be carried out on standard machinery without occupying valu- 
able computor time. 

Each input card can carry 12 instructions or up to 32 deci- 
mal digits. The latter can consist, for example, of 3 9-digit 
numbers (each with sign) or several smaller numbers. Input 
of information in sterling or other non-decimal form is also 
possible, The computor can convert these numbers into binary 
torm and send them to its storage system when cards are being 
read at the maximum speed of 200 per minute. The reverse 
process is carried out at the output, the speed in this case being 
100 cards per minute, corresponding to about 50 decimal digits 
per second, 

The physical form of the machine demonstrates its smallness 
compared with other machines of its scope and speed of opera- 
tion. Although this overall size is conveniently small, this has 
not been achieved by close packing of components. A gener- 
ous amount of space has been used and the components are 
easily accessible for maintenance and fault tracing. The main 
electronic units and the magnetic store are housed in nine 
vertical cubicles each containing about eight chassis of con- 
venient size; together with the control desk it occupies a floor 
area of 14ft by 4ft 6in. Access is by doors to the components 
on one side of the chassis and by a central corridor to the 
valves which are all on the inward facing side of each chassis. 
The total number of valves used is about 1 300, all of standard 
miniature types and universally available. The mercury delay 
lines (other than short lines of one, two or four word lengths 
each) and contained in a thermostatically controlled drum, 3ft 
in diameter and 3ft 6in high, located a convenient distance 
away from the main electronic units. 

A computing centre has already been set up in the Nelson 
Research Laboratories of the English Electric Company at 
Stafford and a further centre will shortly be established in 
London. A DEUCE computor will be permanently located at 
each of these centres and a team of mathematicians and opera- 
tors will be available to offer a full computing service to 
organizations not requiring a machine for their own full 
time use. 

A training service will be available based on the two 
computing centres for initiating scientists, mathematicians and 
machine operators in the actual use of machines supplied to 
their organization. 


The mercury delay lines 
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Notes from 


North America 


U.S. Defence Contracts 


New regulations, which will make it easier for overseas 
countries to compete for U.S. Defence Department con- 
tracts, have been announced by the Secretary for Defence, 
Mr. Charles Wilson. 

Under the so-called “Buy American Act”, passed by 
Congress during the Depression, U.S. concerns were 
awarded the contracts even if their bids were as high as 
25 per cent above foreign offers. Under the new order, 
dated February 21, foreign bidders will now be awarded 
contracts if the lowest acceptable foreign bid is 6 per cent 
or more below the lowest acceptable American bid. 

Another easing of restrictions on foreign firms is con- 
tained in a re-definition of “foreign goods”. Previously 
raw materials or manufactured items have been considered 
foreign goods if 25 per cent or more of the cost of materials 
went to foreign suppliers. Under the new regulations goods 
will be considered foreign only if 50 per cent or more of 
the cost of materials go to non-American sources of supply. 

The new regulations continue to give the Secretary of 
Defence authority to refuse a contract to a foreign bidder 
if it would be detrimental to the national security or the 
national interest. 

Two new exceptions have been added, based on provi- 
sions of the Presidential order issued last December. In 
certain cases the Secretary of Defence may favour a 
domestic bidder if it is necessary to do so in order to give 
a fair proportion of defence contracts to small business 
concerns, or to place defence contracts in areas of the 
United States where there is serious unemployment. 


Dielectric Potentiometer 

A new voltage divider, which it is claimed is free from 
phase and frequency distortion over a range of frequencies 
from 20c/s to 10Mc/s, is announced by the Technology 
Instrument Corporation of Acton, Mass. 

The dielectric potentiometer is a three-terminal network 
employing a liquid as the variable element. The effective 
resistance-capacitance shunt and series elements of this net- 
work result from the inherent resistivity and dielectric con- 
stant of a lossy liquid dielectric immersing the terminal 
electrode structures. The output electrode is movable with 
respect to the input electrode. Since the resistance and capa- 
citance components vary in exactly inverse manner with 
movement of the output electrode, a constant RC product 
is maintained in each of the ratio arms. 

The stopless movement through the liquid dielectric pro- 
vides a smoothly continuous voltage division. The constant 
RC product of the two ratio arms assures the same voltage 
division for any and all frequencies within the band range 
of the device. Similarly there is no shift of phase as the 
voltage division ratio is changed. Attenuation range is 
approximately 25dB. 


Computor Conference 


The 1955 annual general meeting of the Association for 
Computing Machinery—the only one to be held during the 
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year—will take place at the Moore School of Electrical 
Engineering, University of Pennsylvania, September 14-16, 
inclusive. As in the past, this meeting is intended to serve 
as a place for the reporting of new ideas and develop- 
ments in the applications of computing machinery. 


Cesium Atomic Frequency Standard 


A new atomic frequency standard has recently been 
developed by Dr. J. R Zacharias, of the Laboratory 
for Nuclear Science at the M.L.T. 

The atomic clock built primarily for research is expected 
to have practical uses such as more accurate methods of 
navigation and studies in astronomy, geophysics and radio 
communications. 

Time keeping in the device is controlled by the oscilla- 
tion of electrons in the cesium atom. 

One one-hundredth of a gram of cesium is enclosed in 
a metal crucible. Under heat, about that of boiling water, 
the cesium shoots a stream of atoms through a hole in 
the crucible. The atoms strike a detector screen and their 
frequency is reported through complex apparatus. 

The cesium emits atoms at a rate of about one million 
per second, but the loss is only about one-millionth of a 
gram per day. 

While for scientific work, clock hands would not provide 
sufficiently precise timing, the device can be connected with 
a conventional but finely calibrated clock face for use in 
such operations as navigation. 

Standard time, with one second equal to 1/86 400th of 
the mean solar day and generally measured by the fre- 
quency of the oscillations of a crystal, is accurate to 1 
part in 10°. The Atomic Frequency Standard is accurate 
to 1 part in 10°°. Dr. Zacharias expects, through further 
development, to obtain accuracy of one part in ten to the 
twelfth power. 

Associated with Dr. Zacharias in the work have been 
James G. Yates, an English electrical engineer who was 
a visiting professor at M.I.T. and is now at Trinity 
College, and Robert D. Haun, a research assistant in the 
Department of Physics at M.I.T. 


Dr. Zacharias with the cesium clock 
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Short News Items 


The Television Society has awarded 
the following Premiums, of £5 each, for 
outstanding papers read before the 
London meetings in 1954. The Elec- 
tronic Engineering Premium to Dr. G. N. 
Patchett, of Bradford Technical College, 
for his paper on “Problems of Inter- 
lacing”. The Mullard Premium to 
Messrs. G. B. Townsend, E. Ribchester, 
and D. Bauer (G.E.C.) for their paper 
on “An Investigation of the 625 line 
C.C.LR. System”. The E.M.I. Premium 
to Messrs. R. J. Boddy and C. D. Gardner 
(E.M.I. Research Department) for their 
paper on “An _ Industrial Television 
Channel” A special Premium for the 
Society to Mr. G. G. Gouriet (BBC 
Research Department) for his paper on 
“Colour Television”. 


The Annual Dinner of The Institution 
of Electrical Engineers was held on 
Thursday, 24 February, when the Presi- 
dent, Mr. J. Eccles, was in the Chair. 
The ‘principal guest was The Rt. Hon. Sir 
Raymond Evershed, Master of the Rolls, 
who proposed the toast of “The Institu- 
tion”, to which the President replied. The 
toast of “Our Guests” was proposed by 
Mr. Harold Bishop, immediate past- 
president, and the reply was given by 
The Rt. Hon. Lord Citrine, Chairman, 
British Electricity Authority. 


The Tenth Annual Exhibition or- 
ganized by the Northern Division of the 
Institution of Electronics will be held 
at the College of Technology, Sackville 
Street, Manchester, from 14-20 July. 
The sessions will be from 2 p.m. to 
10 p.m. on 14 July, 10 a.m. to 10 p.m. 
on 15, 18, 19 and 20 July, and 10 a.m. 
to 6 p.m. on 16 July. The exhibition, 
which is organized for its educational 
value, will consist of a Manufacturers’ 
Section, a Scientific and Industrial 
Research Section, and will include a pro- 
gramme of lectures and film shows on 
subjects allied to electronics. Lecture and 
film show programmes (price 44d. post 
free) will be available in June. Advance 
catalogues (price 2s. post free) will be on 
sale early in July. Admission to the 
exhibition, lectures and film shows will 
be by tickets obtainable, free of charge, 
from the Honorary Exhibition Organiz- 
ing Secretary, Mr. W. Birtwistle, 78 Shaw 
Road, Rochdale, Lancs. A _ stamped 
addressed envelope should be enchant. 


Rocke International Ltd are organizing 
jointly with Bruel & Kjaer Laboratories 

Ltd a private exhibition of the latest 
American and Continental electronic 
instruments and components, to be held 
in London from 25 April to 6 May at 
59 Union Street, London, S.E.1, between 
9 a.m. and 7.30 p.m. Tickets are avail- 
able on application to the address men- 
tioned. 
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A Conference on the production and 
utilization of electromagnetically en- 
riched isotopes will be held at the Atomic 
Energy Research Establishment, Harwell, 
from 13-16 September this year. Several 
leading members of the team responsible 
for the work on stable isotopes at Oak 
Ridge, U.S.A., are attending, while pro- 
visional acceptances have also been 
received from leaders of the separator 
groups in France, Holland and Denmark. 
Although a detailed programme has not 
yet been prepared, sessions will be 
included on design and operation of 
large mass separators; ion source and 
collector problems especially with high 
beam current; separation of radioactive 
materials; chemical aspects of the pro- 
duction work; preparation of isotopic 
targets; developments in stable isotopes 
mass-analysis; utilization of electromag- 
netically enriched isotopes. Those wish- 
ing to attend should write immediately 
to Dr. M. L. Smith, A.E.R.E. Harwell, 
Didcot, Berks, indicating also whether 
they will make a written contribution. 
Abstracts of papers must be submitted 
before 30 April and complete manu- 
scripts before 30 June. 


La Société des Editions Radio, 9 Rue 
Jacob, Paris, have produced a new 
bimonthly journal called Electronique 
Industrielle. It is hoped that this journal 
will provide useful information for those 
interested in the electronics field. The 
price of this new journal is 300 Francs 
an issue. 


The Scientific Advisory Board of the 
journal Research has decided for the 
third successive year to organize, with the 
co-operation of The Sunday Times, a 
“Science in Industry” essay competition. 
The purpose of this competition is to 
encourage scientists to take greater 
interest in the problem of presenting the 
results of scientific research work to 
a less highly qualified than them- 
selves 


The Electrical Industries Benevolent 
Association are celebrating their Golden 
Jubilee by a luncheon in the Grand 
Hall at the Connaught Rooms on Tues- 
day, 19 April. The principal guest is Sir 
John Maud, K.C.B., C.B.E., Permanent 
Secretary to the Ministry of Fuel and 
Power. 


Marconi’s Wireless Telegraph Co Ltd 
announce that Associated-Rediffusion 
Ltd, through their technical advisers, 
Central Rediffusion Services Ltd, have 
placed a major contract for the pro- 
vision and planning of most of their 
studio and outside broadcast equipment 
with Marconi’s. The initial order 
includes the complete installations for 
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three three-camera studios, one two- 
camera studio and two complete three- 
camera television outside broadcast 
vehicles. In addition, Marconi’s are to 
supply one set of master control switch- 
ing and central apparatus equipment, and 
the equipment for a further television 
outside broadcast unit, less vehicle. This 
large order is being completed so that 
Associated-Rediffusion can be on the air 
by 1 September. 

Work has already been started by 
Marconi’s on the temporary transmitter 
at Croydon, following upon the ITA 
announcement of their plans for a tele- 
vision station in the London area. 


The Central Office of Information 
have made an announcement concerning 
a new free loan section of their film 
library. The following films are among 
those available. “The Electron Micro- 
scope”; “Electric Induction Heating”; 
“Ammeters and Voltmeters”; “Capaci- 
tors”; “Effects of Inductors and Capaci- 
tors on A.C. and Power Factor”. Other 
titles will be added to the new free 
section in the near future. 


The Imperial College of Science and 
Technology are holding a course of 
eight lectures by Professor W. D. Wright 
on “The Science of Colour applied to 
Colour Television”. They will be held 
on Tuesdays and Thursdays at 4.30 p.m. 
commencing on Tuesday, 26 April. 
Application for admission should be 
made to the Registrar of Imperial 
College, Prince Consort Road, London, 
S.W.7. The fee for the course is £2 2s. 


The Press Office of the United King- 
dom Atomic Energy Authority has 
moved from Bedford Chambers, Covent 
Garden. The address of the Chief Press 
Officer, Mr. Stanley White, is now St. 
Giles Court, 1-13 St. Giles High Street, 
London, W.C.2. 


Addendum. In connexion with the 
article “Submerged Repeaters for the 
Aberdeen-Bergen North Sea Cable”, 
which appeared on p. 126 of the March 
issue, Submarine Cables Ltd have now 
submitted the following clarification. 
The repeaters in question were built and 
tested in the factory of Standard Tele- 
phones & Cables Ltd at North Wool- 
wich, as stated, but they were provided 
with, and sealed into, pressure-resisting 
housings at the Ocean Works (Erith) of 
Submarine Cables Ltd. The sealed 
housings were there subjected to a test 
pressure of 14 tons/in’, which in view of 
the relatively shallow water in which 
they were to be laid was amply sufficient. 
Test facilities at Ocean Works include 
for the testing up to 4 tons/in’ of 
repeater housings for submersion in 
ocean depths of the order of 2000 
fathoms. 
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R.E.C.M.F. EXHIBITION PREVIEW 


A description, compiled from information supplied by the manufacturers, of selected exhibits to be 
shown at the Exhibition of the Radio and Electronic Component Manufacturers Federation, in 


Grand Hall, Grosvenor House, Park Lane, London, W.1., 


from 19 to 21 April. 


(Figures in parenthesis refer to Stand Numbers). 


Advance (30) 


NCLUDED among a number of new 

productions on this stand will be the 
video signal generator type R1 (illustrated 
below). A feature of this generator, which 
employs an RC phase shift oscillator, is 
the wide frequency range covered in each 
of the two ranges, which are 30c/s to 
3Mc/s and 3Mc/s to 10Mc/s, with a 
generous overlap between ranges. The 
effective dial length is 27in. Output is 


from a cathode-follower at an impedance 
of 75 via a three stage decade attenuator, 
being IV. 


maximum e.m.f. A_high 





impedance output (max. 10V) is also 
provided. The output is monitored by a 
crystal voltmeter. 


Advance Components Ltd., 
Marlowe Road, 
Walthamstow, 

London, E.17. 


Belling-Lee (16) 


A NUMBER of new components will be 
shown on this stand, including aerials 
and aerial adaptors for Band 3 television, 
and instrument fuse-links (type L.1 055) 
manufactured by a new technique which 
bonds caps, glass and filament into one unit. 

In addition a range of plugs and sockets 
(illustrated below) designed specifically for 
use with printed circuits, will be shown. 


Belling & Lee Ltd., 
Great Cambridge Road, 
Enfield, Middlesex. 
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B.I.C.C. (57) 


N_ addition to their normal ranges 

of cables, winding wires and couplers, 
B.L.C.C. will, this year, be showing a 
new range of television downlead cables 
insulated with cellular polythene. 


British Insulated Callenders Cables Ltd., 
21 Bloomsbury Street, 
London, W.C.1. 


Bulgin (21) 

HE vast range of Bulgin switches, plugs 

and sockets, lampholders, etc., has been 
still further increased and a number of new 
items will be shown. 

The range of fittings for Acro micro- 
sensitive switches has been increased and 
types operating from pressures as low as 
0:750z and 0-0lin movement are available. 
A new sub-miniature type will also be 


shown. 
A. F. Bulgin & Co. Ltd., 
Bye Pass Road, 
Barking, Essex. 


Dawe Instruments (73) 


NE of the latest instruments on display 
on this stand will be the type 1107 
Visigauge. 

The Visigauge measures thickness from 
one side by determining the fundamental 
natural frequency of vibration in the 
thickness direction. 

The natural frequency of thickness 
vibration is essentially independent of the 
other physical dimensions of the material. 








NOTE.—As this issue will have gone 
to press almost a month before the 
opening of the exhibition, this preview 
is necessarily incomplete as a number 
of exhibitors have not yet finalized 
or released details of their exhibits. 
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A vibrating quartz crystal is placed in 
contact with one side of the material under 
test so that an ultrasonic wave is trans- 
mitted into the material. This wave travels 
in a narrow beam through the material and 
is reflected by the opposite surface. At 
certain frequencies, when the transmitted 
and reflected waves are in phase, there will 
be a relatively large increase in the ampli- 
tude of the wave in the material. This is a 
resonance condition occurring at the 
fundamental frequency and harmonics of 
the fundamental frequency. 

The fundamental resonance frequency is 
inversely proportional to twice the thickness 
and directly proportional to the velocity of 
sound in the material. The velocity of 
sound is known for most materials and thus 
the thickness can be determined. 

The thickness is indicated on a c.r.t., 
calibrated scale for a given material “ 
fitted in front of the tube. Five crystals 
cover the range of 0:015in to 0-3in for 
steel. 

Dawe Instruments Ltd., 
99 Uxbridge Road, 
London, W.5. 


De La Rue (83) 


NCLUDED in this company’s exhibits 

will be a new grade of laminate known as 
Delaron Copper Clad. 

The laminate, faced with copper foil, is 
now being used in the manufacture of 
printed circuits, with the circuit drawing 
transferred to the copper clad by litho, silk 
screen or photo-engraving techniques. 
Surplus copper foil, not protected by the 
acid-resisting inks used in the printing of 
the circuit, is then etched away, leaving a 
permanent electrical conductor serving as a 
connecting medium for many kinds of 
electrical components. 

De La Rue produce three grades, the 
base laminates conforming to R.C.S.1 000 
and B.S.S.1 137 specifications. 


Thomas De La Rue & Co. Ltd., 
Imperial House, 

84/6 Regent Street, 

London, W.1. 


Electrothermal Engineering (120) 


HE Precistor range of wire wound high 
stability resistors has been extended to 
include resistance values up to 3MQ. 
These are available, tapped or untapped, in 
any value as required. In addition to the 
high stability types a range’of standard 
wire wound resistors has been introduced. 
Of interest too is the Electrothermal 
Valve Retainer and Valve Data Manual, 
which details the correct types of retainer 
for any given valve. 
Electrothermal Engineering Ltd., 
270 Neville Road, 
London, E.17. 
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Enthoren (58) 


EW developments shown by Enthoven 

this year will be aluminium cored 
solder and dip soldering materials for 
printed circuit techniques. 

It is claimed that the aluminium cored 
solder solves all problems in the tinning 
and soldering of light-gauge aluminium 
and aluminium alloys and enables copper 
wire to be joined with ease to aluminium 


surfaces. 
Enthoven Solders Ltd., 
Enthoven House, 
89 Upper Thames Street, 
London, E.C.4. 


Ferranti (44) 


A NEW range of “ Pentland”’ series 
resin cast 3-phase transformers (il/lus- 
trated below) will be shown in addition to 
a full display of single-phase transformers, 
chokes and delay networks employing the 
resin cast technique. T.R. cells, which will 
be displayed include 3cm tuneable and 
broad band types together with a range of 





10cm cells. An integrated microwave test 
bench designed for use in the 3cm band and 
incorporating the milled block technique 
of waveguide manufacture will be shown. 

There will be a display of 2in, 2#in and 
34in hermetically sealed instruments for 
the latest Service requirements. Included 
in these are instruments with American 
fixing centres providing interchangeability 
on N.A.T.O. equipment. Moving iron 
voltmeters with a frequency range of 
50 to 2 000c/s will be shown. 


Ferranti Ltd., 
Hollingwood, 
Lancashire. 


G.E.C. (135) 


A WIDE range of new valves will be 
shown. Included among these is the 
Osram DA42, which is designed for use in 
pairs in public address amplifiers where 
output powers of 175W are required. 
A triode with an indirectly heated cathode, 
it can be used to replace the DA41 in 
existing equipment. 

The heater voltage and current are 7°5V 
and 1°2A respectively. In a typical push-pull 
class-B amplifier, the anode voltage for the 
pair is 1000V for normal speech and 
music. Continuous 100 per cent tone 
modulation will, however, result in excessive 
dissipation and for such applications the 
normal anode-anode load of 10kQ should 
be increased to 12kQ, which will cause a 
reduction of the power output to 150W. 

Other new valves displayed include : the 
KTS55 power tetrode which is designed for 
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use as an audio frequency amplifier ;_ the 
DH719 triple diode triode and the B719 
r.f. double triode, for use in f.m.-a.m. 
radio receivers ; the X719 triode heptode, 
which is primarily a frequency changer ; 
the W719, a remote cut-off, high slope r.f. 
pentode for use in f.m. radio receivers ; the 
HN309 triode pentode which has a high 
uw triode ; and the WD709 double diode 
pentode, the pentode section being suitable 
for use as an r.f. or i.f. amplifier. 

Also introduced are three new semi- 
conductor devices. These are a medium 
power germanium pn junction rectifier, a 
high frequency point contact transistor and 
a junction transistor. 

The General Electric Co. Ltd., 
Magnet House, 

Kingsway, 

London, W.C.2. 


Gresham Transformers (70) 
OR some time Gresham Transformers 
Ltd. have held Approval Certificates for 
C-core hermetically sealed types and for 





open types with standard laminations. 
Now their C-core open type has been 
granted Type Approval to Humidity Class 
H.1 and their ‘“ Leocast ’’ (resin moulded) 
type with standard laminations has been 
granted limited approval to humidity class 
H.1. 

The Leocast range offers particular 
advantages in physical and dielectric 
strength combined with outstanding resist- 
ance to humidity and temperature variation. 

Illustrated above are, from left to right, in 
pairs, C-core open type, Leocast (resin 
moulded) with standard laminations, her- 
metically sealed C-core, open type with 
standard laminations. 

Gresham Transformers Ltd., 
Twickenham Road, 
Hanworth, Middx. 


Hunts (23) 

NCLUDED in the new types of capacitors 

to be shown is the Midget Supermoldseal 
type W96 (illustrated below). These 
metallized paper capacitors are enclosed 
in a new cast resin housing which is proof 
against humidity, mechanical shock and 
heat contact. They are available in a wide 
range of values up to 0-1yF. 

Also to be shown are ranges of capacitors 
developed for use in all types of printed 


circuit. 
A. H. Hunt (Capacitors) Ltd., 
Bendon Valley, Garratt Lane, 


London, S.W.18. 
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Imhof (25) 
A WIDE range of cabinets, racks (includ- 
ing totally enclosed types), control 
consoles and fittings, will be shown. 

The control console can be supplied in 
either double or single pedestal (the single 
with tubular leg, either left- or right-hand). 
The pedestal frames are drilled front and 
back to take standard 19in panels and an 
inset frame is provided mounted either 
19in from the back or front so that stand- 
ard chassis runners and telescopic runners 
may be fitted. Consoles are available with 
two types of superstructure, consisting of 
a full length 3-bank unit taking either 
103in or 153in standard 19in rack panels 
inclined at 13° to the vertical. The console 
top is of grey linette formica. 

Alfred Imhof Ltd., 
112 New Oxford Street, 
London, W.C.1. 


London Electric Wire Company (61) 

HE ever extending range of insulated 
"Tue winding wires now includes 
self-fluxing enamelled wires including 
** Lewcosol ” and ‘‘ Lewtinex.’’ Lewcosol 
wire can be soldered rapidly with an iron 
without prior removal of the enamel film. 
It has good all-round properties, complying 
in most respects with British Standard 184. 
Lewtinex is a modified type of Lewmex, 
which retains all the excellent properties of 
Lewmex and, in addition, can be dip-tinned 
in molten solder at 475°C. 

Heat-resisting insulated wire including 
types covered with p.t.f.e. and terylene, 
will be shown. 

The London Electric Wire Co. & Smiths Ltd., 
24 Queen Anne’s Gate, 
London, S.W.1. 


London Electrical Manufacturing Co. (36) 
WIDE range of silvered mica and 
silvered ceramic capacitors will be 
shown. 


nf 


The range of F.E.C. silvered ceramic 
capacitors has been extended and includes 
tubular types from IpF to 0-0luF, and 
disk types (illustrated above) from 470pF 
to 0-01 .F, and the new lead through pattern 
which is designed to have a small physical 
size, exceptionally low inductance and low 
initial cost. 

London Electrical Manufacturing Co. Ltd., 

Beavor Lane, 
Hammersmith, 
London, W.6. 





Marconi Instruments (103) 

HIS company will be exhibiting a 
number of telecommunications test 
instruments including several new models. 
In the field of frequency measurement, 
the company is showing the e.h.f. wave- 
meter TF1034 and the portable frequency 
meter TF1026 (series). The wavemeter is a 
double-cavity instrument designed for the 
measurement of frequencies in the range 
32000 to 35500Mc/s. One tunable 
cavity forms a transmission-type wave- 
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meter of relatively low Q and is fitted with 
couplings for insertion in a waveguide 
circuit. The second cavity is coupled to the 
first and forms a supplementary wavemeter 
of the absorption type; independently 
variable, and of high Q, this second cavity 
can be tuned to produce a sharp reaction 
within the pass-band of the first cavity. 
The latest addition to the range of 
voltage measuring equipment is the valve 
voltmeter TF1041 (illustrated below). This 
instrument measures up to 300V and 
700Mc/s unbalanced, in six ranges; d.c. 
up to 1 00OV balanced or unbalanced, in 
seven ranges. There are seven other ranges 
for the measurement of resistances between 
0-22 and 5OOMQ., A feature of the instru- 
ment is the large meter for fast and precise 
reading. 
Marconi Instruments Ltd., 
St. Albans, 
Hertfordshire. 





Multicore (69) 

NEW type of Ersin Multicore solder 

which will be shown, containing five 
cores of the extra fast non-corrosive type 
362 flux, is known as Savbit Alloy and 
contains approximately 2 per cent copper 
and is claimed to increase the useful life of 
a soldering bit by 10 times. This special 
alloy is already in production and can be 
supplied in nominal tin content alloys of 
60, 50 and 40 per cent. There is no 
appreciable difference in melting points 
between Savbit alloys and conventional 
tin-lead alloys. 

A solder containing silver for use on 
silver-plated ceramics and a complete 
fluxing and soldering process for use with 
printed circuits, will be shown. 

Multicore Solders Ltd., 
Multicore Works, 
Maylands Avenue, 

Hemel Hempstead, 
Hertfordshire. 


Mycalex (3) 

NEW glass-bonded insulating material 

known as Mycalon will be shown. 
This material was evolved in conjunction 
with the Ministry of Supply, S.R.D.E., 
Christchurch, to meet service requirements 
under tropical and arctic conditions and, 
generally speaking, components requiring 
to be graded as H.1 can include Mycalon. 
After subjection to six humidity cycles in 
the standard chamber to RCS11, Mycalon 
recovers to its full resistivity value within 
one hour and, upon removal from the 
testing chamber, the immediate figures are 
not lower than 10", their full value when 


ELECTRONIC ENGINEERING 


dry being greater than 10“. The per- 
mittivity and power factor are lower, 
resulting in a loss factor of approximately 
half that of the existing grade on Injection 
Moulded Mycalex. 

Mycalon can be injection or transfer 
moulded into any required shape, and to 
the finest tolerances desired because it does 
not shrink or distort after moulding. 
Illustrated above are some typical Mycalon 
components. 

Mycalex and T.I.M. Ltd., 
Ashcroft Road, 
Cirencester, 
Gloucestershire. 
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N.S.F. (49) 
N addition to a wide range of switches 
the N.S.F.-Oak switch type cascode 
television tuner will be shown (illustrated 
above). This is available in two versions, 
type 12K13 covering five channels in 
Band | and eight channels in Band 3, and 
type 12K14 with an additional switching 
position which will enable it easily to be 
converted to u.h.f. working. 
N.S.F. Ltd., 
9 Stratford Place, 
London, W.1. 


Parmeko (27) 


A SPECIAL display this year willy be 
ade of the Saturn Series Transductors 
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for Magnetic Amplifier Applications. 
Illustrated below left are three typical trans- 
ductors from the standard range developed 
by Parmeko in collaboration with the 
Royal Aircraft Establishment. This range 
complies with the Joint Services Specifica- 
tion RCL(PROV) 217 and comprises auto- 
excited transductors of the push-pull input 
and single-and three-phase output types. 

Also to be shown is a range of trans- 
formers designed specifically for use with 
printed circuits and a range meeting 
American service specifications. 

Parmeko Ltd., 
Percy Road, 
Aylestone Park, 
Leicester. 
Pye (96) 
IGHT members of the Pye group of 
companies will be exhibiting at this 
year’s exhibition. 

W. G. Pye & Co. Ltd. are showing an 
audio frequency oscillator with a frequency 
range of 20 to 20000c/s and an output 
continuously variable from 0 to 20V 
peak-to-peak, electrostatic voltmeters cover- 
ing ranges from 1 to 18kV, and a d.c. 
microvoltmeter which has a full scale range 
of 20uV and adjustment to reduce sensi- 
tivity by factors of 1/10, 1/100 and 1/1 000. 

Magnetic Devices Ltd. are showing a 
range of relays for both a.c. and d.c. 
supplies and a special relay for r.f. switch- 
ing. Prominent among the new products 
are a sensitive type of relay for electronic 
circuit applications and a_ hermetically 
sealed plug-in miniature relay. 

Power Controls Ltd. display a range of 
multi-way plugs and sockets particularly 
suited to rack-mounted equipment and 
miniature hermetically sealed coaxial plugs 
and sockets for Uniradio 43 cables. 

Labgear (Cambridge) Ltd. are showing a 
range of wire-wound resistors, two types of 
television receiver filter, for reducing inter- 
ference to television from nearby radio 
transmitters operating at frequencies lower 
than 30Mc/s or higher than 70Mc/s, a 
standing wave ratio indicator, and a crystal 
oven, with a temperature differential of 
1.5°C, which operates from a 6°3V supply. 

Cathodeon Ltd. exhibit a wide range of 
glass-to-metal seals, aerial changeover 
relays and thermal delay switches. 

Pye Industrial Electronics Lid. are 
making their first appearance at this 
exhibition and are showing a number of 
types of junction transistors which are 
intended primarily for hearing aid and 
low-powered audio frequency application 
and are all hermetically sealed. 

Cathodeon Crystals Ltd. are exhibiting a 
range of quartz crystals for frequency 
control. All are hermetically sealed and in 
general adhere to requirements of the 
inter-services specification. 

Pye Ltd., Switch Division, add a further 
sixteen types to their already considerable 
range of industrial and aircraft micro- 


switches. 
Pye Ltd., 
Cambridge. 


Salford (34) 
EW products displayed will include a 
range of precision potentiometers with 
metal housings. Available in both linear 
and functional card winding types, these 
units employ an improved type of wiper 
assembly, in which the wiper, being 
horizontal, gives a more even tracking over 
the resistance winding. On the twin wiper 
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arm type, the second arm is now capable of 
independent movement through 230°, 
whereas the standard units in the past were 
limited to a 90° or 180° movement. 

An improved method of ganging is also 
used and this makes for a more compact 
assembly as well as permitting the housings 
to be rotated individually for calibration 
purposes. A servo mounting spigot is 
mounted concentrically with the housing 
and a rotary clamping plate can be fitted 
for applications where the body of the 
potentiometer has to be rotated before 
clamping. A high grade bakelite former is 
used in the general-purpose units. Special 
formers are available for applications 
involving ambient temperature variations 
as wide as from —20°C to +85°C. 

(Illustrated below) 
Salford Electrical Instruments Ltd., 
Magnet House, 
Kingsway, 
London, W.C.2. 





Stability Radio (51) 
TABILITY Radio Components are 


showing beside their silvered mica 
capacitors a range of ceramic tubular 
capacitors rated at 100°C. These are 
inexpensive, robust and fully insulated 
components which cannot be damaged by 
prolonged contact with the soldering iron. 
Capacitance values are from 0-5pF to 

‘005 uF. 

A new introduction for f.m. and Band 3 
receivers is the “* top coupling ”’ range from 
0:5pF to 1-SpF, which is supplied at an 
economic price with a tolerance of +0-1F. 

Stability Radio Components Ltd., 
Commerce Estate, 

Woodford Avenue, 

London, E.18. 


S.T.C. (62) 


RANGE of selenium and germanium 

rectifiers, Unistors, Thermistors, photo- 
cells, tantalum capacitors and quartz 
crystals will be shown. 

Overtone crystals are now available in 
production quantities up to 55Mc/s. This 
frequency will shortly be extended, and to 
aid equipment designers, laboratory samples 
can be supplied at frequencies as high as 
200Mc/s. The crystal oscillates in the third, 
fifth or higher overtone mode, thus the 
frequency of vibration is increased above the 
fundamental frequency approximately by 
the order of overtone employed. The 
circuit must be tuned in some manner 
to discriminate between the funda- 
mental frequency and _ the _ desired 
overtone. The units are robust, stable and 
exhibit favourable electrical characteristics. 

Standard Telephones & Cables Ltd., 
Connaught House, 

wych, 

London, W.C.2. 
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T.C.C. (54) 
MONG the new components shown by 
T.C.C. will be a range of low leakage 
high quality electrolytic capacitors known 
as Superlytics ; these are of particular 
interest to designers of low frequency 
amplifiers, for grid coupling purposes.. 

The outstanding feature of these 
capacitors is their exceptionally low leakage 
which is such that for the first time it is 
possible to think in terms of insulation 
resistance of an electrolytic capacitor. 
Measurements taken have resulted in JR 
figures which are comparable with the 
standard paper dielectric capacitors. This 
characteristic results in a very long working 
life, and renders them suitable for operation 
at temperatures up to +85°C without 
voltage derating. 

Also on display will be a range of sub- 
miniature electrolytic capacitors type CES8. 
These components measure only }in by 
tin and are intended for use in transistor 
circuits. 

In order to comply with RCS132 mould- 
ed Plimoseal silvered mica capacitors are 
introduced. This method of protection not 
only prevents the ingress of moisture, it 
also improves the insulation resistance and 
power factor, without impairing the 
inherent stability of the capacitor unit. 

In addition, various types of capacitors 
conforming to American specifications, a 
wide range of printed circuits and capacitors 
for use therein, will be shown. 

The Telegraph Condenser Co. Ltd., 
North Acton, 
London, W.3. 


Steatite and Porcelain (38) 


NCLUDED in the materials on this stand 
will be Faradex H, a high permittivity 
ceramic (K=3200) and Frequentite S, a 
material of extremely low dielectric loss 
which, being non-porous, is particularly 
suited for vacuum applications such as 
u.h.f. valve envelopes, magnetron windows, 
etc. Process improvements such as metal- 
lizing and machining of ceramics, will be 
shown. 
Steatite and Porcelain Products Ltd., 
Stourport-on-Severn, 
Worcestershire. 


T.M.C. (33) 


IQUOR ” powder cores will be 

shown in a large range of sizes with 
permeabilities from 15 to 125. These cores 
have a very low loss factor at frequencies 
up to 1Mc/s. 

A range of metallized paper, polystyrene 
and American type capacitors will be 
exhibited. 

Continuous development in the design of 
Carpenter polarized relays (illustrated 


below) is resulting in improved performance 
and stability over an extended temperature 





185 


range. One of the main advantages of the 

relays is their high degree of sensitivity and 

working models will show them operating 

from a thermo-couple junction, and a 
photo-electric cell. 

Telephone Manufacturing Co. Ltd., 

Hollingsworth Works, 

Martell Road, 

London, S.E.21. 


Vactite (7) 
HIS company will be exhibiting their 
Vacrom (nickel-chrome) and Eureka 
(cupro-nickel) resistance wires and tapes, 
pure nickel wires and tapes, molybdenum 
rods, wires and tapes and special wires for 
the radio valve industry. 

Vactite have made a special study of 
superfine resistance wires and welcome 
inquiries for sizes in the ‘ triple O’ range. 

Vactite Wire Co. Ltd., 
24 Queen Anne’s Gate, 
London, S.W.1. 





Whiteley (14) 

HE range of Stentorian loudspeakers in 
sizes from 24 to 18 in will be shown 
together with a wide variety of television 
and radio components including com- 
ponents potted in Polythene, Araldite and 


Marco resin. A  C-core transformer 

moulded in Araldite and fitted with water- 

proof plugs and sockets is i//ustrated above. 
Whiteley Electrical Radio Co. Ltd., 

Radio Works, 

Victoria Street, 

Mansfield, Notts. 


Westinghouse (22) 


COMPREHENSIVE display of 
Westalite rectifier units will include a 
number of new miniature assemblies in 
various types of sealed housings. All of 
the new miniature rectifiers contain either 
double- or quadruple-voltage elements 
capable of withstanding peak inverse 
voltages of 42 and 85V respectively. 
Westalite rectifiers for radio and 
television anode supplies will include both 
the usual spindle types and the newly 
developed contact cooled rectifiers for 
chassis mounting. The latter rectifiers 
dissipate their losses through the chassis 
and therefore effect a considerable saving 
in space, and increased efficiency. 
Rectifiers for industrial d.c. power 
supplies and tropical type units will also be 
shown. 
Westinghouse Brake & Signal Co. Ltd., 
82 York Way, 
King’s Cross, 
London, N.1. 
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600 pages £6 
Write for brochure. 
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Industrial Electronics 


R. KRETZMANN’S very successful book 
describes in detail typical modern apparatus. 
250 pp. 266 illus. 25s. 


Television 


KERKHOF & WERNER’S standard work. 
“The first really comprehensive television 
textbook.” Electrical Review. 475 pp. 
388 illus. 50s. 
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F. A. Benson, M.Eng., A.M.I.E.E., M.I.R.E. 
(University of Sheffield) 


Price 12/6 
(Postage 6d.) 


This monograph describes 
the various devices employ- 
ing saturated elements, glow- 
discharge tube circuits and 
thermionic valve arrange- 
ments for voltage stabiliz- 
ation. A comprehensive 
bibliography is included. 


Order your copy through your bookseller 
or direct from 
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BOOK REVIEWS 


Electronics: Electrical Engineering 
Approach 
Corcoran and Henry W. Price. 


459 pp., 120 figs. Demy 8vo. Ties Wiley & 
— Inc. Chapman & Hall Ltd. 1954. Price 


By George F. 


THs book would be more correctly 
named “Electronic Circuits” since 
the space devoted to the physics of the 
subject is relatively small, as the authors 
themselves admit. 

A very brief summary of basic electri- 
cal theory and a glance at the electronic 
structure of the atom lead to a treatment 
of electron-movement with examples 
based on the cathode-ray oscillograph. 
A qualitative description of the effects of 
space charge in the vacuum diode intro- 
duces a fairly extensive section on recti- 
fier circuits and other applications of the 
diode. The internal aspects of the triode 
are dismissed rather briefly but a full 
account of equivalent circuits for triodes 
is given. Tetrodes and pentodes are next 
introduced and a detailed chapter follows 
dealing with various types of class A 
amplifier. The treatment relies almost 
exclusively on the equivalent circuit with 
the associated complex algebra, graphical 
methods being avoided. few special 
cases such at the cathode-follower, reac- 
tance-valve circuits and paraphase circuits 
are followed by a section on systematic 
methods of analysing complicated equiva- 
lent circuits. A note on noise is included. 

Load lines are first used in the chapter 
on class A and class B power amplifiers. 
Load ellipses and composite characteris- 
tics (for push-pull stages) are also des- 
cribed. In the well-written chapter on 
feedback all the important points are 
quantitatively treated with the exception 
of the Nyquist criterion which is, perhaps 
wisely, stated without proof. A return 
to physics (excitation, ionization, etc.) 
heralds a treatment of the voltage stabi- 
lizer. A few words on gasfilled rectifiers 
and thyratrons lead to a second section 
on rectifier circuits. 

Perhaps the chief attraction in the book 
is the very detailed chapter on germanium 
diodes and transistors. A simple but 
adequate account of the physics of germ- 
anium is first given and then the princi- 
ples and practice of these relatively new 
devices is painstakingly explained. The 
last chapter, on oscillators, is somewhat 
surprisingly separated by over 100 pages 
from that on feedback and thus illustrates 
the slightly haphazard plan of the book 
as a whole. We find, for example, 
smoothing circuits treated partly under 
the vacuum diode and partly under gas- 
filled rectifiers, while paraphase ampli- 
fiers also appear in two instalments. 

Perhaps the least satisfactory part of 
this book is that which purports to deal 
with fundamentals. Apart from being 
condensed to an absurd degree it exhibits 
that vagueness which usually accompanies 
the m.k.s. system of units in dealing with 
basic matters. For example, field strength 
(H) is defined as rate of variation of 
ampere-turns with distances, a meaning- 
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less definition resulting from the fashion- 
able abhorrence of the magnetic pole. It 
is symptomatic that Gauss’s theorem does 
not qualify for a place among the funda- 
mentals but creeps in apologetically as a 
footnote. 

One cannot hope at this date for a 
change in the unmethodical American 
practice of calling a bi-phase half-wave 
rectifier circuit a “ full-wave ” circuit, but 
it is disappointing to find a _ paraphase 
amplifier called an “ inverter,” especially 
in view of the fact that the device prop- 
erly called an inverter is not mentioned. 

The chief characteristic of this book is 
a most praiseworthy thoroughness in 
matters of practical application. With 
numerous worked examples the authors 
show clearly how to tackle a variety of 
real-life problems. Many pages of 
examples for the student are also pro- 
vided. Indeed, this thoroughness is 
partly responsible for the rather limited 
scope of the book. One might expect to 
find something about modulation, pulse 
generation, sweep circuits and other 
familiar matters in a volume of this size, 
but they do not appear. 

The printing and binding are so good 
as to compensate in some degree for the 
high price, but intending purchasers 
would be well advised to compare the 
scope of this book with that of similar 
books by British authors, who are com- 
pelled by circumstances to practice the 
art of condensation. 

K. A. MACFADYEN. 


Elektromagnetische Wellen (Electro- 
magnetic Waves) 
ll Karl Wagner. 267 pp.. 185 figs. Demy 
Verlag Birkhiiuser. Basel. 1953. Price 
Ste, 33.30 Sound, Sfr.29.10 paper cover. 
Ts book, carrying the sub-title “ An 
introduction to the theory as basis to 
its application in electrical transmission 
technique,” is the outcome of lecture 
courses which the late Professor Wagner 
held in Sweden, Italy and Spain between 
1947 and 1951. It may be considered as 
the swan song of a scientist and engineer 
whose many contributions to the develop- 
ment of electrical communication and 
power engineering are well known to all 
those who have followed with interest, 
since the publication of his first book 
Electromagnetic Transients in Overhead 
Lines and Cables in 1908, the brilliant 
career of one of the foremost German 
authorities in these fields within the last 
half century. 
It is not a book for the beginner and 
a sound knowledge of Maxwell’s theory, 
of vector analysis, of the theory of func- 
tions, of quadrupole theory and the like 
is required for its full understanding. It 
is perhaps a sign of the high standard of 
technical education on the Continent that 
in the author’s opinion the mathematical 
background expected from the reader 
scarcely exceeds what is required for the 
intermediate examination of an engineer- 
ing student. 
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A brief account of the main contents 
of the book will show its wide scope. The 
first chapter, dealing with plane waves in 
free space, shows after a brief historical 
introduction how waves are propagated. 
The wave equations are derived for con- 
stant and periodically varying fields. 
Linear and elliptical polarization and 
phase and group velocities are discussed. 

The second chapter is devoted to re- 
flexion and diffraction of electromagnetic 
waves. Various cases are discussed, e.g. 
that of vertical incidence, the case in 
which the reflected wave is extinguished, 
the total reflexion and the case when the 
refraction ratio is complex. 

In dealing with waves conducted by 
wires in the third chapter, which is of 
particular interest for the power engi- 
neer, the telegraph equation is derived 
and the theory of travelling waves is 
given together with some examples of 
such waves, e.g. those caused by light- 
ning or by switching operations. The 
effect of protective capacitors and chokes 
and the overvoltages caused by interrupt- 
ing a short-circuit are discussed. In 
dealing with periodical waves on wires 
the spiral diagram illustrating amount 
and phase of voltage and current at any 
point of the line is explained. Propaga- 
tion-, phase- and attenuation-constants 
and characteristic impedance are calcu- 
lated. The line is then treated as a quad- 
rupole and it is shown how its charac- 
teristic values may be determined by no- 
load and short-circuit test. Examples of 
“ short” and “long” lines are given and 
the consideration of standing waves illus- 
trates the use of Lecher wires. A com- 
paratively large section deals with the 
application of the theory to aerials. The 
skin effect in cylindrical conductors is 
briefly dealt with and inhomogeneous 
conductors, i.e. those in which the line 
parameters varv from point to point are 
given due consideration. 

In the fourth chapter bunched conduc- 
tors are dealt with and the mutual inter- 
ference between a power and a telegraph 
line is investigated as an example. 

The fifth chapter is devoted to waves 
in hollow conductors. E-waves and H- 
waves in circular, rectangular and square 
conductors and their attenuation, hollow 
conductors used as resonators and their 
properties considered as quadrupoles are 
discussed. 

The comparatively brief sixth chapter 
deals with electric and magnetic dipoles, 
¢.g. those used as loop aerials. 

The concluding seventh chapter is a 
comprehensive survey of electric waves 
in the ionosphere. Their field intensity, 
attenuation, polarization, limiting fre- 
quencies, reflexion and refraction. Graphs 
show the daily and annual changes of 
the limiting frequencies in the various 
regions of the ionosphere. The effects of 
eclipses and of the number of sunspots 
and of other ionospheric disturbances are 
described and a brief final section deals 
with the transmission of electromagnetic 
waves through the ionosphere. 

_A name and a subject index are pro- 
vided. The book is well produced and 
should prove helpful not only to the ad- 
vanced student but also to practical re- 
search workers both in power and com- 
munication engineering. 


R. NEUMANN. 
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Telecommunications 


By A. T. Starr. 455 pp., 65 figs. Demy 8vo. 
Sir Isaac Pitman & Sons Ltd. 1954. Price 35s. 


HIS book is said to be written to 

cover the syllabus for the subject of 
telecommunications in the London Uni- 
versity Degree. No doubt a student 
would like to think that for 35s. he could 
buy all the knowledge needed for one 
subject of his university degree, but most 
university teachers would prefer that he 
should acquire the habit of using special- 
ized treatises and original papers for 
reference: the greatest fault of Dr. Starr’s 
book is that it appears to have no refer- 
ences whatsoever to the rest of the litera- 
ture. Moreover, in so encyclopaedic a 
book there are naturally some topics 
which are less fully covered than others, 
and here a pointer to other sources is 
essential. Without taking advantage of 
one’s own special interests, one can cite 
“ Radio Position and Direction Finding,” 
which is given four and a half pages with 
the barest mention of the screened loop 
and no suggestion that the e.m.f. is cal- 
culable from the magnetic component of 
the incident wave. Again, those of us 
who dabbie only in radio might be for- 
given heretical views on the neper, but a 
book which covers also line communica- 
tion should adhere to the definition that 
the neper is a logarithmic unit of current 
ratio, not of power like the decibel. 

The book includes mathematic appen- 
dices on Heaviside’s operational calcu- 
lus, the Laplace transform and vector 
fields, but no guide to matrix notation 
which slips unannounced into pages 166- 
168. But despite all its faults, it must be 
agreed that this book has achieved some- 
thing in presenting in a single volume a 
comprehensive survey of the field of tele- 
communication. It includes clear des- 
criptions and drawings of relays, switches 
and teleprinter mechanisms which are so 
rarely described in books, and the longest 
chapter in the book is on “Lines and 
Transmission Networks,” a subject in 
which Dr. Starr is an acknowledged 
authority. Among the topics covered in 
other chapters are acoustics, television, 
electromagnetic waves and microwave 
technique with a 6-page appendix on 
“Waveguide Theory” so that any 
student who is well versed in all the 
topics discussed in this book should be 
equipped to face both examinations and 
real-life problems in telecommunications. 


D. A. BELL. 


Kempe’s Engineers’ Year Book 1955 


1,345 and 1.413 pp. Crown 8vo. (Two volumes 
in case). 60th Edition. Morgan Bros. (Publishers) 
Ltd. Price 75s. 
T= preface to the 1955 Kempe states 
that last year’s edition was so com- 
pletely revised that this year attention has 
been primarily confined to detail. Only 
minor changes, therefore, occur in the 
edition under review and the most signi- 
ficant in the chapter on Electronic Engi- 
neering is no more than a new paragraph 
under the sub-heading of Colour Tele- 
vision, 
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ELECTROPHYSIOLOGICAL 
TECHNIQUE 


By C. J. Dickinson, B.A., B.Sc. 
(Magdalen College, Oxford) 


Price 12/6 

(Postage 6d.) 
The author describes the use 
of electronic methods as 
applied to research in 
Neurophysiology. Chapters 
are devoted to amplifying, 
recording and stimulating 
techniques used in physiology 
and medicine (e.g. electro- 
cardiography, electro- 
encephalography, etc.) 


Order your copy through your bookseller 
or direct from 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


A Versatile Pulse Shaper 


Dear SiR,—With reference to the 
article by Mr. Kaufer in the February 
issue (p. 78), this circuit was tried in the 
laboratory several years ago. It was 
found that for precise operation the 
blocking oscillator could be superior to 
the thyratron due to the firing time delay 
with the latter type of pulse former. 
There was an appreciable time delay 
between the top of the leading edge of 
the trigger pulse and the output pulse. A 
graph shows this for a sample 2D21 
(CV797). There were also considerable 
differences between other samples of this 
valve and firing delays up to 1-5Mc/s 
could be obtained. Although an output 
pulse could not be obtained by applying 
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a trigger pulse to the screen only, it was 
possible to “gate” the valve with the 
screen providing the gating waveform 
was slightly in advance of the main trig- 
ger pulse. 

Yours faithfully, 


K. E. Woop, 


Leatherhead, 
Surrey. 


High-Speed Magnetic Amplifiers 


Dear Sir,—Mr. A. E. Maine in his 
article on high-speed magnetic amplifiers 
(page 514 of the December issue) des- 
cribes two methods of coupling Ramey- 
type amplifiers. _ Another method is to 
use a pnp junction transistor, arranged 
as shown in Fig. 1, as the coupling 
device. 

The transistor X; normally has a high 
impedance between base and collector so 
that the re-setting voltage for core 2 is 
absorbed by the transistor. When core 
1 fires it delivers a large emitter current 
to the transistor X, decreasing its collec- 
tor-to-base resistance so that the re- 
setting voltage is applied to the second 
core. In this way the degree of re-set- 
ting of core 2 depends on the firing angle 
of core 1, which in its turn can be con- 
trolled either with a voltage signal or 
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another transistor used as a controlling 
element. The sequence of waveforms 
in Fig. 2 shows how the re-setting voltage 
to core 2 is absorbed by the transistor to 
an extent depending on the firing angle 
of core 1. The small voltage pulse 
before the main collector voltage wave 
is due to Z; being largely capacitive, and 
the incomplete voltage waveforms and 
the incomplete current waveform of Fig. 
2(a) are attributed to the poor rect- 


angularity of core material used. The 
supply frequency is 2 500c/s. 
Corel Re Core 2 
ENE. 
= - + = ii 





Fig. 1. Transistor coupled Ramey amplifier 


When the re-setting of the first core is 
voltage controlled the coupling arrange- 
ment retains the linear relation between 
the mean input and output voltages, 
except in as much that the output volt- 
age decreases with increasing voltage in- 
put. This property reduces the biasing 
requirements when the first stage is con- 
trolled by a valve or transistor. 

The waveforms of Fig. 2 show that 
high collector currents and voltages do 





Fig. 2. Waveforms showing variations of the 

emitter current (top) and _ collector voltage 

(bottom) of the coupling transistor V. as the 

emitter current of the controlling transistor X, 
is increased from zero 


not occur simultaneously. This enables 
transistors with low power ratings to 


couple circuits controlling much larger 
powers. ; 
Yours faithfully, 
R. E. WRIGHT, 
The General Electric Co. Ltd, 
Stanmore. 
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An A.C, Voltage Stabilizer 


Dear Sir,—In my article published in 
the April 1954 issue it was pointed out 
that the r.m.s. output voltage of the 
stabilizer could be affected by changes in 
the peak factor of the voltage waveform, 
since it is the peak value which is con- 
trolled. Under normal circumstances 
this characteristic will not cause any 
trouble. Changes in the peak factor of 
supply lines are very uncommon, and the 
waveforms of auxiliary generating sets, 
which are often not truly sinusoidal, 
rarely change sufficiently to result in sig- 
nificant changes in stabilizer output volt- 
age. However, the distortion frequently 
present in the waveforms of small a.c. 
generators could cause trouble should a 
stabilizer be expected to hold the output 
voltage constant irrespective of whether 
the source is the normal supply line, or 
(in the event of a power failure) an auxil- 
lary generating set. 

The distortion present in the 
voltage waveforms of -such_ genera- 
tors is usually due to the presence 
of a small percentage of the third 
harmonic, plus very small amounts 
(normally insignificant) of the second and 
fifth harmonics. If. as is: usually the 
case, this third harmonic is in phase with 
the fundamental, the r.m.s. voltage for a 
given peak value is proportionately 
higher. Thus it can be seen, for exam- 
ple, that the introduction of 5 per cent 
of the third harmonic (a not uncommon 
amount) would result in the output volt- 
age of one of the above stabilizers rising 
by nearly 12V. 

Neglecting the other harmonics, and 
letting k represent the percentage of the 
third present (in phase), it can be shown 
that the r.m.s. and average values of the 
voltage (V; and V, respectively) of such 
a distorted wave, in terms of the actual 
peak value (V,), are given by the follow- 
ing expressions (for k not greater than 
11-1 per cent): 





V (10 000 + k’) 
r= “Vuio0—kh Ssatehes (1) 
fr 300+k a) 
and V,= i-37(100—k) et os (2) 


From equations (1) and (2) 
V 1-57 V (10,000 + k’) V. (3) 
r= V 2(300 + k) BR veces 

By giving k in equation (1) and (3) vari- 
ous values from 0 to 10, and putting the 
results so obtained in terms of Vr=100 
for k=0, the following table is obtained. 
This table shows how, if the peak value 
is held constant, the r.m.s. value rises as 
the percentage of third harmonic in- 
creases, whereas if the average value is 
controlled, the r.m.s. value falls, There- 
fore, for any particular amount of third 
harmonic it is possible, by making the 
voltage control unit of the stabilizer 
operate at a voltage appropriately dis- 
posed between the peak and average 
values, to hold the r.m.s output voltage 
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Vr for constant Vp Vr for constant Va 
k (from equation 1) | (from equation 3) 
PERCENTAGE RELATIVE PERCENTAGE | _ RELATIVE PERCENTAGE 
3RD HARMONIC VALUE RISE VALUE FALL 
| 
0 100-0 0 | 100-0 0:0 
1 101-0 1-0 | 99-7 0:3 
2 102:1 2-1 99-3 0-7 
3 103-1 3-1 99.0 1-0 
4 104-2 4:2 | 98-8 1-2 
5 105-4 5-4 98-5 1:5 
6 106-6 66 | 98-2 1-8 
7 107°8 7:8 98-0 2:0 
8 109-0 9-0 97-7 | 2:3 
) | 110-3 10:3 97:5 2:5 
10 | 111-7 11-7 97:3 | 2:7 











constant irrespective of whether the har- 


‘monic is present or not. 


Perhaps this principle may best be illus- 
trated by an example. With C,* of nomi- 
nal value 16“F, the d.c. voltage across 
the bridge circuit of the sensing unit is 
about 290V, being the peak value of the 
incoming 230V r.m.s, less a voltage drop 
in the rectifier MR, With Ci:=0, this 
voltage is about 190V, being the average 
value of the 230V r.m.s. less a voltage 
drop due to the regulation characteristics 
of the system. If it is desired that the 
voltage across C,, and hence across the 
bridge circuit of the voltage sensing unit, 
should be the same irrespective of 
whether the incoming a.c. is truly sinu- 
soidal or contains, say, 4 per cent of the 
third harmonic, then this voltage should 

C 


iy ) 
190 + ( He 





as 9 ~— a 
Fs, era ray ) 290 190) = 


212V. 


To achieve this effect C, should have a 
value of 0:SuF. (As a matter of interest, 
the control point of a stabilizer modified 
to give the correct r.m.s. output voltage 
when there is 4 per cent of harmonic 
present will not vary by more than + 1 
per cent for a range of harmonic content 
from 0 to about 8 per cent.) 


Consequent upon such an alteration 
being made to the voltage controlling 
unit, several other minor ones become 
necessary. The ratio of the divider sys- 
tem R;, Rs, VR; Rs, Re needs to be 
changed; R,: and R, both need to be re- 
duced; an additional 0:-5 M® resistor 
needs to be connected between Ci (+) 
and the ignition electrode of V to ensure 
reliable ignition of V (since the voltage 
across it now drops below its operating 
point twice per cycle); and additional 
biasing of the moving-coil relay A is 
necessary to prevent chattering of its 
contacts (because of vibration caused by 
the 100c/s component now -present). 
Typical values for the particular case 
quoted above are Ry=5Sk®, R:=10kQ, R» 
> 15kQ, R; and R= 3302, 


Yours faithfully, 
R. G. ACKLAND, 
Defence Standards Laboratories, 
Victoria, 
Australia. 





* Ref. Fig. 3, Electronic Enzng. 26, 144 (1954). 
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Computers and Computors 


Dear Sik,—I presume Mr. Puckle 
would have his computor operated by an 
* operater,” and would refer to you, Sir, 
as an “editer” so as to leave the word 
“editor” for a device used to check the 
punched tapes fed to his machine, 

It is not strictly true that the words 
“computer ” and “ computor ” are differ- 
ent—rather are they alternative spellings 
of the same. Nevertheless, I agree that 
there is a case for a convention of the 
type suggested, and in fact this appears 
to be already fairly well established, in 
the opposite sense to that proposed by 
Mr. Puckle. 

Yours faithfully, 


B. M. ADKINS, 
Radlett, 
Herts. 


Dear SirR,—I was sorry to read Mr. 
Puckle’s letter in the February issue, 
claiming that there are two words “ com- 
puter” and “computor.” There is, in 
fact, only one accepted word (see the 
recognized English dictionaries), viz., 
“computer,” which covers both the man 
and the machine, and the large majority 
of people consider “ computor” merely 
a spelling mistake. 

It is quite legitimate for a profession 
to coin a new word if confusion can arise 
between two different senses of the word 
as it is generally used. Any such step, 
however, should be taken only with agree- 
ment throughout the profession, because 
the English language covers the whole of 
the earth and divergences in spelling or 
meaning in different localities are obvi- 
ously undesirable. No such agreement 
on “computor” has been given or even 
sought. 

I submit that no confusion arises in 
practice between the man and_ the 
machine, the most convincing proof being 
that even those who make a difference in 
spelling usually make no difference in 
pronunciation. If a new word were de- 
sirable, etymology would suggest “ com- 
putator,” not “computor”; the latter is 
etymologically shocking and is otherwise 
unsatisfactory because it would still leave 
confusion in the spoken word. A pro- 
posal was made a quarter of a century 
ago to reserve the termination “ or” for 
the machine in a general way, and this is 
responsible for such currency as “ com- 
putor ” and “convertor ” still have. The 
initiative, however, received very little 
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support even in this country and none in 
the U.S.A. It was pointed out that there 
would be just as much reason for chang- 
ing the spelling to ‘“ windscreen-wipor ” 
for fear there should be confusion be- 
tween the attachment to the motor-car 
and the garage attendant who cleans a 
wind-screen, 

I hope Mr. Puckle will find it possible 
to drop “computor” which does not 
really do his job. 


Yours faithfully, 
E, H. ULLRICH, 
Richmond, Surrey. 


Correspondent replies : 


DEAR SiR,—I much regret that | am 
unable to agree either with Mr. Ullrich 
or Mr. Adkins. 

To take Mr, Adkins’ letter first. He 
agrees that there is a case for a conven- 
tion of the type suggested in my letter 
(February, 1955, issue) but he says that 
it is already established in the opposite 
sense. I maintain that since the two 
words “computer” and “computor” 
already exist there is no need for con- 
vention. Does Mr. Adkins suggest that 
“computor” is used to describe the 
user of the machine? It is precisely be- 
cause I find that people are beginning to 
use the wrong spelling that I wrote my 
letter to you. 

Mr. Ullrich’s letter suggests that I have 
coined the word “computor.” I thank 
him for the compliment but I must dis- 
claim the honour. The only word I have 
coined which has come into general use 
is “sync” and, even then, | spelled it 
“synch.” I still consider that the “h” 
is necessary to harden the “c,” but at 
least I have got 80 per cent agreement! 
Mr. Ullrich’s humorous effort, “ wind- 
screen wipor ” made me chuckle but does 
not affect the issue. The English lan- 
guage has many words whose spelling 
appears to be wayward but, nevertheless, 
it seems to me to be a pity to debase it 
by wrong spelling or by the wrong use 
of words. It does not appear to me to 
be of any importance that a word is not 
accepted in the U.S.A., for their language 
has quite naturally gone along its own 
path; differences need not cause any con- 
fusion. An English “frame” and an 
American one in television engineering 
have quite different meanings yet we are 
not confused. Nor is it necessary for us 
to follow their lead when we have an 
existing word in our language. It cer- 
tainly won’t upset our friendship if we 
fail to copy them, in fact they will respect 
us all the more for having minds of our 
own. 

I particularly dislike Mr. Ullrich’s sug- 
gestion to use “computator” which 
would introduce another horror like 
“commentator.” In this case, the cor- 
rect word is “ commentor.” 

I hope that Messrs. Ullrich and Adkins 
will reconsider the matter and eventually 
follow the lead given by THe TIMES and 
ELECTRONIC ENGINEERING. 


Yours faithfully, 
O. S. PUCKLE, 
Beaconsfield, 
Bucks. 
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Meetings this Month 


THE BRITISH INSTITUTION OF 
RADIO at care, 


Date: 13 April. Time 7. 
Held at: The London re” ‘of ygiene and 
Tropical Medicine, Keppel Street, Gower 


Street, London, W.C.1. 
Discussion: The BBC V.H.F. /F.M. Sound Broad- 
casting Service. 
Opened by: K. R. Sturley. 
Date: 27 April. (Time and place as atove> 
—- Suppressed Aerials for the Aircraft H. 


By: K. J. Coppin. 
Eastern — 


Date: 13 Apri Time: 6 p 

Held at: Novilie Hall, Westgate “Road, "Newcastie- 
upon-Tyne 

Lecture: The Manchester University Electronic 
Computor. 

By: E. T. Warburton. 

Followed by ayn oe General Meeting. 


erseyside 7. 
Date: 21 a 


Tim 
Held at: pmo Technical College, "Riversdale 
Road, Liverpool 1 
Annual General Meeting followed by technical 


South Wales aie 
Date: 27 April. 


Time: 6.30 p.m 

Held at: Cardiff College of Sechacleey. Cathays 
Park, Cardiff. 

Lecture: Some Technical Problems in Sound and 
Television Broadcasting. 


By: K. R. Sturley. 


THE INSTITUTION OF ELEC- 
TRICAL ENGINEERS 


All London meetings, unless otherwise stated, 
will be held at the — commencing at 


0 p.m. 

Date: 21 April. , 
The Forty-Sixth Kelvin Lecture: Transistor 

~e 
By: . Shockley. 

Measurements and Radio Sections 
int meeting 

Date: 5 A 


il. 

Lecture: High Speed Electronic Analogue Com- 
puting Techniques. 

By: D. M. MacKay. 

Measurements Section 

Date: 19 April. 

Discussion: [he Measurement of Impulse Voltages 
and Currents with special reference to the test- 
ing, of Surge Diverters. 


By: R. Davis. 
Radio Section 
Date: 20 April. 
Lecture: A Study of the Long-Term Emission 


Behaviour of an Oxide Cathode Valve. 

North Eastern Radio and Measurements Group 

Dage: 4 April. 

Held at: King’s College, +e 8 sepsanen 

Annual General Meeting followed b 

Lecture: Thermionic Valves of Improved Quality 
for Government and Industrial =“. 

By: E. G. Rowe, P. Welch and W Wright. 

North Midland a 

Date: 5 April. Time: 7 p.m. 

Held at: e Station Hotel, York. 

Lecture: The Possibilities of a Cross-Channel 
Power > Between the British and French 


an Sys 
Se 6 eo ion M. E. Laborde and F. J. Lane. 


South Midland Radio Group 
Date: 25 April. Time: 6 p.m. 
Held at: ¢ James Watt Memorial Institute, 


Great Charles Street, Birmingham. 
Annual General Meeting followed 
Lecture: A Transatlantic Telephone Cable. 


By: M. J. Kelly, Sir W. Gordon Radley, G. W 
Gilman and R. J. Halsey. 
Southern Centre 
Date: 1 April. Time: 6.30 


om. 
— a th Dorset Technical College, Wey- 
Lecture: One _ Samed Valves. 

alt. 13 Time: 6.30 p 


Lecture: <Aba Developments in Aiea Energy. 
By: T. Allibone. 
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THE INSTITUTION OF POST 
OFFICE ELECTRICAL ENGINEERS 


Date: 6 April. Time: 5 p. 
Held at: e Institution of Electrical "Tiesincws, 
Victoria Embankment, London, 


Savoy Place, 
W.C.2. 


Lecture: Regional Problems in the Provision and 
Maintenance of F., U.H.F. and S.H.F. 
Radio 

By: F. 


Links. 
Moxon. 


THE TELEVISION SOCIETY 


Date: 1 April. Time: 7 p.m. 
Held at:  Cinematograph Exhibitors’ Associa- 
tion, 164 Shaftesbury Avenue, London, W.C.2. 
Lecture: A Flying-spot (Mechau) Telecine System. 
By: J. L. Bliss. 
Date: 21 April. (Time and place as above). 
ture: a in Colour Television. 
L. C. Jesty. 





PUBLICATIONS 
RECEIVED 


THE COURTAULD ATOMIC MODELS is a 
a booklet describing what are believed to be the 
first models designed to incorporate an elastic- 
ally-distortable bond of great use in the investi- 
gaa of steric hindrances, developed in the 
aidenhead laboratory of Courtaulds Ltd. 


ERMA CATALOGUE of cable lugs, solderless 


terminals, crimping tools and equipment is a 
recent publication of Erma Ltd., Hong Kong 
Works, Exhibition Grounds, embley, 
Middlesex. 


GREEN SEAL TRANSFORMERS is an il'us- 
trated booklet describing a series of tests carried 
out on transformers using new silicone insula- 
tion. This publication is obtainable free on 
application from Brentford Transformers Ltd., 
— Park Road, Kidbrooke, London, 


STANDARDS 5 MEASURING _ EQUIP- 
MENT FOR ELECTRICAL RESEARCH AND 
TELECOMMUNICATION ENGINEERING is 
the new 1955 edition of the catalogue produced 
by H. W. Sullivan Ltd. It deals in a compre- 
hensive manner with standards of resistance, 
capacitance and inductance of both fixed value 
and decade or continuously variable form. 
H. W. Sullivan Ltd., Leo Street, Peckham, 
London, S.E.15. 


oe Denies WIRING CONNECTION FOR 
LIGHT AND HEAVY DUTY is a booklet pro- 
duced by the Plessey Company who pioneered 
and developed, primarily for the aircraft indus- 
try, the principle of solderless wiring connexion 
which ensures a reliable joint regardless of the 
skill of the operator, and which eliminates all 
troubles due to heat and the corrosive action 
of fluxes. Since then its use has been adapted 
to a much wider field of industrial —- 
The Plessey Co. Ltd., Ilford, 


POLARIMETERS, HILGER PHOTOELECTRIC 
TRISTIMULUS COLORIMETER 


s 
PHOTOELECTRIC 


FLUORIMETER, are four 
recent publications of Hilger & Watts Ltd., 
- xz ivision, 98 St. Pancras Way, London, 
TEN YEARS OF SEMI-CONDUCTING 


MATERIALS Ey B TRANSISTORS is a biblio- 


era the Research artment 
He td., Radio Works, Cambridge? 
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TELEVISION FIELD SERVICE MANUAL 
WITH TUBE LOCATIONS, TELEVISION 
MANUFA ay ge RECEIVER _TROUBLE 


CURES VOLUM and ADVANCED TELE- 
VISION SERVICING TECHNIQUES are recent 
publications applicable to American practice. 
John F. Rider Publisher, Inc., 480 Canal Street, 
New York, 13, U.S.A. 


FROM SCHOOL TO PROFESSIONAL ENGIN. 
EERING is a booklet which aims to inform all 
those in public, secondary grammar and second- 
ary technical schooJs of the opportunities wh.ch 
the Metropolitan-Vickers Electrical Company 
ene for training step by step with facilities 
or study in electrical and mechanical e eer- 
ing, physics, chemistry and a a 
litan-Vickers Electrical Co. 
ark, Manchester, 17. 


etro- 
Trafford 


CANADIAN MARCONI MAGAZINE, the first 
issue of which appeared in January, will be pub- 
lished five times yearly to inform readers about 
progress in the science and industry of electronics. 
Comments and suggestions are invited. Corres- 
pondence should be addressed to the Editor at 
Canadian Marconi Com vn hg td., 2442 Trenton 
Avenue, Montreal 16, 


G.E.C. AIRPORT ELECTRIFICATION is a 
booklet in which the main emphasis has been 
placed on airport lighting, the various control 
systems used for this vital aspect of airport 
operation, on telecommunication and equipment 
peculiar to airports. A two runway airport, 
similar in size and layout to those in common 
use all over the world, has been taken as ‘a 
basis for the illustration of various proposals, 
but such proposals are adaptable for any other 
layout. The General Electric Co. Ltd., Magnet 
House, Kingsway, London, W.C.2. 


SPERRY SYNCHROS describes the range of 
instrument synchros manufactured by the Sperry 
Gyroscope Co. Ltd. It includes data sheets re- 
lating to the various models of synchros avail- 
able from this ony an explanation of 


how these units can applied. The Sperry 
Gyroscope Co. Ltd., Great West Road, Brent- 
ford, Middlesex. 


THE LONDON AND HOME COUNTIES 
BULLETIN OF __ SPECIAL pg me IN 


HIGHER TECHNOLOGY for the _— and 
Summer terms, 1955, is ~g™ availab pies 
may be obtained from the Rouse South Reginoel 
Advisory Council, Tavistock House uth, Tavi- 
stock uare, London, W.C.1, price Is. 6d., 
post free. 


A BIBLIOGRAPHY OF GUIDES FOR TECH- 
NICAL AUTHORS pes been reprinted from 
Aslib Proceedings, (Vol. 6, No. 4). It is restricted 
to books which are both "readily available at the 
present ‘time ay which, in the rience of the 
compiler, have been found to er most prac- 
tieal help to the technical euthor. Association of 
Special Libraries and Information Bureaux, 4 
Palace Gate, London, W.8. 


INTERNATIONAL JOURNAL OF ABSTRACTS 
ON STATISTICAL METHODS IN INDUSTRY 
No,,2 has recently been published by the Inter- 
national Statistical Institute, 2 Oostduinlaan, The 
Hague. Price of single copies 7s. 3d., annual 
subscription for three issues 18s. 


ROHDE & SCHWARZ MITTEILUNGEN is the 
house journal of this German company which 
manufactures communications and _ laboratory 
instruments. The sole agents in this — = are 
— Bic Ltd., 44 Tottenham Court Road 
ondon 


SILVER PLATING is a new booklet on the 
subject produced by Johnson Matthey & Co. 
Ltd. It is not intended to be an exhaustive treat- 
ise on the electrodeposition of silver, but deals 
in a practical manner with the various opera- 
tions involved in silver plating, indicating suit- 
able methods for most requirements and giving 
warnings of possible difficulties. The operation 
of silver plating may be sub-divided into three 
main sections—preparation, plating and _finish- 
ing—and these are considered in the booklet 
under the appropriate headings. A further sec- 
tion deals with pees wouties, and useful 
appendices are inc booklet, the ref- 
erence number of which is “1881, is obtainable 
from the company free on request. Johnson, 
Matthey & Co. Ltd., 73-83 Hatton Garden, 
London, E.C.1, 
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But for Uniformity—JM C resistance wires 


As with the fingerprint, 
so with our wires—yet in the 
opposite sense! For, as surely as no two 
fingerprints are ever alike, so JMC precision drawn resistance 
wires are unvarying in accuracy and 
uniformity of characteristics 
from batch to batch. 


Johnson <> Matthey 


JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.I 
Telephone : HOLborn 6989. Vittoria Street, Birmingham, 1. Tel: Central 8004. 75-79 Eyre Street, Sheffield, 1. Tel: 29212 
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A PROVED RANGE 
OF MULTI-WAY 
PLUGS AND 
SOCKETS WITH 
UNUSUALLY LOW 
INSERTION 
PRESSURES. 


Mi atii-way Plugs and Sockets with years of 
experience and application behind them. When specifying these high quality 
components you will be assured of less insertion pressure per contact than any 
comparable product can offer, great versatility, and suitability for humid conditions. 
For rack mounting applications greater latitude in matching up eases the designers 
problem, and the range of 4, 8, 12, 20 and 28 way units will be fourtd to cover 
almost every requirement. Widely used by such manufacturers of high quality 
equipment as: 












Messrs. Marconi’s Wireless Telegraph Co. Ltd. 
Messrs. Standard Telephones & Cables Ltd. 
The English Electric Co. Ltd. 


Full details will be gladly supplied upon request. 


POWER CONTROLS 


1B SD 
EXNING "RD., NEWMARKET FHONE: NEWMARKET 3181 
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.. it is evident that BRIMAR 

high-grade cathode-ray tubes meet the 

most exacting specifications of television and 
electronic equipment manufacturers 

And detailed examination of the company’s resources and experience 


n this field reveal that BRIMAR introduced :— 


@ the first mass produced aluminised cathode-ray tube; 
the first flat faced tube ; 

the first 14” rectangular tube ; 

the first 17” rectangular tube ; 


the first 21” rectangular tube ; 


the first electro-static tube. 
Research and development to anticipate and meet the 
changing demands of the radio and electronic industries 


are integrated with modern manufacturing techniques in 
the production of BRIMAR cathode-ray tubes. 


: —the people who know—for 
(/ your future equipment 
requirements. 


Standard Telephones and Cables Limited 


FOOTSCRAY : SIDCUP : KENT. Telephone: FOOtscray 3333 





APRIL 1955 75 ELECTRONIC ENGINEERING 








\ BROCHURE 


THESE TWO PHOTOGRAPHS ILLUS- 
TRATE SIMILAR PRESSINGS MADE 
UNDER IDENTICAL CONDITIONS. THAT 
ON THE LEFT SHOWS THE PERFECT 
RESULTS OBTAINED WITH NARITE DIES, 
COMPARED WITH 
THE WASTER PRO- 
DUCED BY ORDIN- 
ARY STEEL DIEs. 






LESS 
WEAR 
LESS WASTERS 
MORE 
PRODUCTION 
MORE 
PROFIT 





NARITE eliminates ‘scuffing, ~ ™ 
‘galling,’ or ‘wrinkling’ in 
pressing. NARITE _ gives 
lower die costs, more press 
production hours, more profit. 
NARITE service is yours for 








the asking. 


Write now to: 


CW 2431/12 


N C ASHTON LIMITED 





ST. ANDREW’S RD. HUDDERSFIELD. 
Telephone: HUDDERSFIELD 6263/4. 








fet 


a? 
s 





Production manufacturers 
of torsion, tension and 
compression springs of all 
types, pressings, clips, I.F: 
cans, valve screening cans, 
valve shrouds,-and sole 
manufacturers of the most 
advanced shock absorp- 
tion device—‘‘METPAKS” 
Shock Absorbers. 


| 
| 
| 
| 
Leading manufacturers rely on:— | 


BRAYHEAD 
SPRINGS LTD. 


FULL VIEW WORKS | 
KENNEL RIDE - ASCOT - BERKS. 
Telephone: Winkfield Row 427 + Telegrams: Brayhead Ascot 





ELECTRONIC ENGINEERING 





Manufacturers of all types of 


INSTRUMENT CASES 
and CHASSIS 


in all METALS 








GENERAL SHEET METAL WORK 


for the Trade 


i 


27 PACKINGTON RD., SOUTH ACTON, W3 
Acorn 1153-4 and at LEEDS 
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Why Ediswan Clix P.T.F.E. 
Valveholders are widely used 
in B.B.C. Television equipment 


Large quantities of Ediswan Clix P.T.F.E. Valve- 
holders are used in B.B.C. Television equipment. 
Only the combination of the finest insulation— 
P.T.F.E., the most efficient contact material — 
Berylium copper — and Ediswan Clix design and 
manufacture can match the requirements of 
efficiency and reliability in this and all other 


stringent valveholder applications. 

Ediswan Clix P.T.F.E. Valveholders are fully 
type approved for Services Grade 1, Class 1 con- 
ditions. Full details of these valveholders and 
other components in the Ediswan range are given 
in catalogue CR. 1681. Manufacturers and 
Development Groups may have a copy on request. 








EDISWAN 


CLUx 


RADIO, TELEVISION & ELECTRONIC COMPONENTS 


THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.1. Group of Companies 
155 Charing Cross Road, London, W.C.2 and Branches. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
CR3 Radio Components Sales Office: 21 Bruton Street, London, W.1. Telephone: Mayfair 5543 
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Tue Valves for V.H.F. 





Low drive power 

High efficiency 

Small size 

Hard glass bulb 
Low-inductance anode lead 
Zirconium coated carbon anode 


S 











Double helical filament—low hum 





RCS 


Anode/filament capacitance screen 





Low-loss powdered glass base 
Giant five-pin B5F base 


TY2-125 | TY3-250 








QY3-125 | QY4-250 


and QY4-250 




















Ten features to bear in mind—plus the assurance that The tetrodes QY3-125 (CV2130) 


these valves are already being widely employed with 
marked success in both comaunications and industry. 
The triodes TY 2-125 (CV1924) and TY3-250 are recom- 
mended for grounded-grid R.F. amplifiers in communi- 
cations equipment and as oscillators in compact R.F. 


(CV2131)— included in the Services Preferred Types 
List—are characterized by high power gain and high 
efficiencies at V.H.F. 

Detailed information on the above range and other 
V.H.F. valves made by Mullard may be readily ob- 


heaters. tained from the address below. 





MAXIMUM OPERATING CONDITIONS (CLASS C TELEGRAPHY) at 50 Mc/s 





f 
Type of Vegi “ich.” 


la igt vin(pk) P load 
Valve Service ) (Vv) (mA) (mA) (V) 


(W) 








| Max. 
} 
| 


TY2—125 (CV1924) ampl. 200 205 40 399 310 200 














-250 | 365 430 670 ] 150 


QY3—125 (CV2130) ampl 150 | 167 | : 300 300 200 


TY3—250 ampl. 





























QY4—250 (CV2131) 




















empl | | 800 | 120 








MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, W.C.2 
MVT 167 
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Precision 
Cathode 
Ray 
Tubes 








_ re en 
~ Al) eenmgy 


ELECTROMIeS 


APRIL 1955 7S ELECTRONIC ENGINEERING 
, ' 

















PROGRESS IN CONTROL 






















SUNVIC 
TIME DELAY 
SWITCHES 


Decca Type 1§9B  R.F. Unit Chassis 
incorporating Sunvic Time Delay 
(Photograph by courtesy of 


Decca Radar Ltd.) 
The use of Sunvic time delays for vital applications in aircraft 
is an example of their undoubted reliability and consistency. 
They provide delays from 3 seconds to 6 minutes unaffected 
by variations in ambient temperature. They are used by all 
the leading manufacturers of radar equipment for circuit pro- 
tection and have a variety of other applications, including 
filament protection in electronic equipment and sequence 


switching. 


Another example of the important part played BY 

















SUNVIC CONTROLS LTD. (Special Products Divn.), No. | Factory, Eastern Industrial Estate, Harlow, Essex. ‘Phone: Harlow 24231/5 


Manufacturers of Pneumatic and Electrical Instruments for detection. measurement, control and recording of Temperature, Flow, Liquid Level 
Specific Gravity and Pressure, in Science and Industry. Vacuum Pumping and Measuring Equipment etc. 
Member of the A.E.!. Group of Companies. 


TAS/SC.294A 
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Consistency of Performance 
























Ws: test our precision resistors ona 
sampling basis. Here’s the performance of 
one little fellow, taken at random 


from a batch and loaded at its full 





t rated power for close on 1,000 hours. You'll 
see from the chart how it stood up to 
the treatment: a total excursion of 0.036%, 


and an absolute change of only 0.01%. 


alike! 


bss tandard tolerance of 0.1% 


| ...,and they’rea 


Even our miniature precision resistors are 
Welwyn Precision Wirewound Resistors for 


LONG TERM STABILITY 


B23/s00 K+0%5% 





MANUFACTURERS OF Products include : 


¢ Toroidally Wound Power Potentiometers 
E LWY N ¢ Panclimatic High Stability Carbon Resistors 
' * Vitreous Enamelled Wirewound Resistors 
ELECTRICAL. ° Carbon Composition and Wirewound Potentiometers 
a M PO N E N T S ¢ Insulated High Stability Carbon Resistors 
¢ High Voltage Composition Resistors 


WELWYN ELECTRICAL LABORATORIES LTD: BEDLINGTON - NORTHUMBERLAND 


On Admiralty, Ministry of Supply, (AJ.D. Approved) and Post Office Lists 
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one 
RAGOSINE 
Dy 


CORE LOCKING 
COMPOUNDS 


= 


eS > « 
BY ROS 


V//X 


for efficient locking 


Our Core Locking Compounds have been specially 
designed for general core locking purposes in 
electronic assemblies and represent a definite advance 
over the usual rubber string, waxes, etc. 

Core Locking Compounds give the following 
advantages :—I All grades are completely stable and will 

not harden, cause corrosion or support the 
growth of fungi in tropical climates. 
2 They will operate efficiently throughout 
all climatic temperatures, acting equally 
as well in Arctic as in Tropical 
conditions. 
3 Their use enables adjustments to be 
made at any time without danger of 
cores splintering or formers 
breaking. 
These materials have now been tested extensively 
under all conditions and are already in production use 
with many major manufacturers in this country 
and abroad. 








ELECTRICAL 


If you’ve a production problem involv- 
ing coils and light electrical assembly, 
then we are just the people to help you. 
Making equipment to our customers’ 
particular requirements is our speci- 
ality. We do not sell to the public. 
Either we will design for you, or, if 
you prefer it, we will produce from 
your own drawings. We also redesign 
for production and save our clients 
considerable expense. We are experts 
at mass-producing electrical fittings 
and parts for incorporating in any 
machine. 

No matter what your electrical prob- 
lem, we shall be only too pleased to 
help. r 
Our prices are highly competitive and 
our Technical Representatives can 
contact you in 24 hours. 


Specialists in Electro-Magnetic 


mass-production 


OLIVER PELL 


CONTROL trp 


CAMBRIDGE ROW, BURRAGE ROAD 
WOOLWICH, S.E.18 


Telephone: WOOlwich 1422-6 
Cables: OLIPEL WOOLWICH 


AT 











POST THIS COUPON 
TO OLIVER PELL CONTROL LTD., DEPT. E.E. 


CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, S.E.18. 
Please send Technical Representative to call on me. 








Write for brochure giving full details to :— f 
i easiest 
ROCOL LTD. 
(A subsidiary of Ragosine Oil Co. Ltd.) COMPANY sige fall st ween cisiis aaa 
IBEX HOUSE, MINORIES, LONDON, E.C.3 CSAS SD 
MINERVA WORKS, WOODLESFORD, 
Nr. LEEDS. Se al eh te ome 
ndh/21458 
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W. EDWARD 


J &@ co. (LONDON) tTo 


MANOR ROYAL - CRAWLEY - SUSSEX 


CRAWLEY 1500(lOlines) EDCOHIVAC CRAWLEY 


How SIMPLE 
is a VALVELESS 
Vacuum System 





A valveless vacuum system provides the simplest and most ec: ical arrang t for 
the high vacuum processing of electronic tubes. Frequent rough pumping however, 
through the hot vapour pump causes the operation fluid to be carried over as mist into 
the backing system. 

We have solved this problem by introducing an ingeniously simple but highly effective 


to the vapour pump—resulting in more operation cycles with less maintenanee. 


fitted with FLUID ECONOMISER. 
SPEED, 70-80 litres/sec. 


LE 


TRE 





ASs\ 








A 4 


BRANCHES :GLASGOW & TORONTO. AGENTS THROUGHOUT THE WORLD 








FLUID ECONOMISER to recover and return the greater part of the exhaust mist back 


The illustration shows our well-known 203 miniature 3-stage vapour pump 
VACUUM, Better than 5 x 10-- mm H 


gr VAM SCrigg 






























“* Servograph ” 





Indicators, and Recorder-Controllers all incorporate the unique 
Fielden working principle and are increasingly accepted as the 
alternative to complex and expensive potentiometric equipment. 
f ACCURACY RANGES 
| The “ Servograph ” can be installed as Standard Models are available in three 


a direct substitute for any moving-coil 
indicating meter and will reproduce 
meter accuracy. It remains unaffected 
by mains fluctuation. 


ROBUST PEN UNIT 


Ample writing power is obtained from 
the servo loop, thus eliminating pen 
friction troubles and making delicate 
balancing and levelling unnecessary, 


whilst ensuring faithful reproduction of 
the smallest increments. 





THE UNIQUE Fielden. WAY 


Electronic Single and Miulti-point 


Recorders, 


ranges of 50 micro-amps, 1 milli-amp 
and 30 milli-volts full scale. 

Full scale deflection time with the ImA 
model is 1.5 seconds, without overshoot. 


ECONOMIC COST 


The ingenious design and execution of 
the “‘ Servograph ”’ range of instruments 
permits of their being marketed at a 
remarkably low figure having regard to 
their performance. Service and main- 
tenance prove to be negligible. 








| Write for publication No. 200/FE/44 giving full details to : 


Fielden. 


INSTRUMENTATION 
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Telephone : 
London_Office : 21 Buckingham Street, W.C.2. 


FIELDEN ELECTRONICS LTD » WYTHENSHAWE + MANCHESTER 
HUMIDITY, MANCHESTER 
Telephone: TRAfalgar 3154 


WYThenshawe 3251 (4 lines). Telegrams : 


83 
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TYPE TF 1041 
FREQUENCY RANGE 
20 c/s to 700 Mc/s 


AND D.C. 


This together with other new designs 
for 1955, may be inspected on 
stand no. 103, 19th to 2Ist April, 
at the R.E.C.M.F. Exhibition and 
en stand no. 89, 25th to 28th, April, at 


the Physical Society Exhibition. 


MARCONI InNsTRUMENTS 


SIGNAL GENERATORS - BRIDGES - VALVE VOLTMETERS - Q METERS - WAVEMETERS 

FREQUENCY STANDARDS - WAVE ANALYSERS - BEAT FREQUENCY OSCILLATORS ° 
MARCONI INSTRUMENTS LTD - ST. ALBANS - HERTS ~- Telephone: ST. ALBANS 6160/9 
30 Albion Street, Kingston-upon-Hull. Phone: Hull Central 16144. 19 The Parade, Leamington Spa. Phone: 1408 


Managing Agents in Export: 
MARCONI’S WIRELESS TELEGRAPH CO. LTD - MARCONI HOUSE - STRAND «: LONDON, W.C.2 


TC 60 
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x Quality components for Industrial Electronics 








BERCOSTAT 
ROTARY REGAVOLT POWER RHEOSTAT VITREOUS 


Provides a highly economical, Made in five sizes from 25w. to 
compact and reliable means of 150w. of rugged construction ENAMELLED RESISTORS 


HERMETICALLY 
obtaining a continuously variable to combine highest mechani- As the result of more than SEALED POTENTIOMETERS 
output voltage, without the heat cal strength with maximum 25 years’ hard practical are eg Approved to Class 
losses associated with resistances. electrical performance. All experience in electrical H.1 of RCL 121, 2.5 watt 

engineering, we are able __ rating for use in Arctic and 


bonded. Multi-ganged units to offer the widest range Tropical conditions. Re- 
sistant to damp, heat, cold, 
fumes, vibration and shock. 


In addition, an increase in voltage, models are vitreaus enamel 


above the main supply, can be 0 t ‘ 
obtained with three of the four withanycombinationofohmic of resistors for all 


Regavolt models. values are also available. purposes. 





1 See these and other products from the Berco range at STAND 35 in the RECMF exhibition at 
Grosvenor House, Park Lane, W.! from 19th to 2Ist April 
Other products from our wide range include : 
Protected type shunt field regulators. “‘ REGAVOLT ” infinitely variable transformers. Sliding 
resistances for laboratory use. Range of three moulded knobs with collet fitting for positive grip 
of circular shafts. Easily fixed and removed. Interchangeable collets for }”, §” and 4” shafts. 


THE BRITISH ELECTRIC RESISTANCE CO. LTD., 


QUEENSWAY, PONDERS END, MIDDX. Tel.s HOWARD 1492. Telegrams: VITROHM ENFIELD 





BR 1292-BXH. 











NON-FERROUS 
METALS 


COLD ROLLED SHEET & STRIP 
RODS & BARS 
WIRE AND DRAWN STRIP 
TUBES 
CHILL CAST BARS 

A WY) PHOSPHOR BRONZE, GUNMETAL 


BRASS & COPPER 
TO SEE GILDING METAL, ETC. 


CHARLES CLIFFORD ——@& 


enegs CHARLES CLIFFORD 
LIMITED 

Dog Pool Mills, Birmingham 3@ 

er Fazeley St. an. Birmingham 5 


SPECIALISTS IN THE PRODUCTION OF WROUGHT HIGH TENSILE ALLOYS M-W.109 














APRIL 1955 85 ELECTRONIC ENGINEERING - 








FREQUENCY CORRECTED 


CALIBRATED ATTENUATOR | SOLDERING INSTRUMENTS 


and ALLIED EQUIPMENT by 


ADCOLRE 


(Regd. Trade Mark) 


TRADITIONAL BRITISH QUALITY 


British, U.S.A., Canadian & Foreign Pats. 


Registered Designs, etc. 


Incorporates a unique means of compensation of the 
scale reading to correct the variation with frequency in 
attenuation characteristic of the metallised vane within 
the guide. There is no need to refer to‘calibration data 
and errors due to incorrect setting up are virtually 
impossible. 

Frequency Range : 9,000-10,C00 Mc/s. 

Attenuation : 0-30 db. 

Accuracy : + $ db. 

Reset Accuracy : Better than +0.1 db. 

Insertion Loss : I db. 


BARR & STROUD, LTD. 
ANNIESLAND, GLASGOW, W.3 
15 Victoria Street, London, S.W.1 


ds” Dia. 
we | DETACHABLE 
PROTECTIVE ; . BIT 

SHIELD INSTRUMENT 


List 68 List 64 


As illustrated 


Reg. Design 





high quality 
waler for the 
production 

of cathode 
ray tubes, 
electrolitics. 
elc. 


DEMINERALISED 


lease oaintepome SUPPLIED FOR ALL VOLTAGES. 


COLBORNE 


ION EXCHANGE PLANT 


fale}, [ellen ah (a4 
T.0.S 
lor Ui :tel, mellem die]: 


SILICA CONTENT 


DESIGNED FOR FACTORY BENCH LINE 
ASSEMBLY RADIO, T.V., DEAF AID, ETC. 


HEAD OFFICE, SERVICE AND SALES 


ADCOLA PRODUCTS LTD 


GAUDEN RD., CLAPHAM HIGH ST., LONDON, S.W.4 
Phone: MACaulay 4272 


THE COLBORNE ENGINEERING C 


0 LTD 


NUC 
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FerranteValves for Radio and Television 


Ps 


a 





The Electronics Dept., of Ferranti Ltd. manu- 
facture a wide range of Valves and Cathode Ray 
Tubes for Radio and Television receivers. Valves 
for domestic use include B7G and B9A miniatures, 
Octal and Loctal based types. Television Cathode 
Ray Tubes are produced in all the popular sizes, 
up to 21” rectangular. Enquiries to Electronics 
Dept., Moston, Manchester, 10. 


Visit the Ferranti STAND No. 44 at the 
R.E.C.M.F. Exhibition, April 19-21. 


FERRANTI LTD - FIELDS NEW ROAD - CHADDERTON - OLDHAM 
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2 


FEI68 
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MANIPULATORS CONVEYORS PAPER MAKING FOUNDRY PLANT 





VARIABLE SPEED without valves ! 


The Carter Hydraulic Infinitely Variable Speed Gear is ideally suited for 
use in conjunction with electronic controls on all forms of continuous 
process plant. 


Eight sizes cover from § h.p. up to 22 h.p. 
Speed controls are adjustable with unit running or stationary 





SEND TO-DAY FOR FULL PARTICULARS 
TEXTILES PLASTICS 


CA R T b R G E A R S LT D) Please forward........... copies of Cat. EE/4 to :— 


Thornbury Road Nome : 
SsRADFORD.4 ENGLAND Address : 
‘eilephone Bradford 64378/9 


THE 


DARWINS 


SHEFFIELD - ENGLAND 


















Our long association with the use and prod- 
uction of permanent magnets enables us to 
offer not only an advisory service of the 
most complete character, but the benefits of 


production technique and facilities based on 








wide knowledge and intensive research. 


Ilustration shows the latest ignition half cycle DARWINS LTD. 


TO ; AW 
maar eappoess faing ened. PERMANENT MAGNETS + HEAT 8 ACID 
RESISTING CASTINGS 


ANDREWS TOLEDO LTD. 


CARBON & ALLOY CONSTRUCTIONAL 
STEELS 


J ° 
ANDREWS TOLEDO (wire ROD) LTD. 
SPECIAL CARBON & ALLOY WIRE ROD 
SHEFFIELD FORGE AND ROLLING 
MILLS CO. LTD. 
CARBON & ALLOY STEEL BARS & SHEETS 
WARDSEND STEEL CO. LTD. 


AGRICULTURAL & TOOL STEEL SHEETS 


0.52 
ELECTRONIC ENGINEERING 88 APRIL 1955 








SES: Saas 





{eae 


























R.F. Heating 


The increasing use of R.F. Heating in industry 
has shown the need for units to provide 
outputs between 10 and 50 kW 













To meet this demand, the English Electric Valve 
Company have developed two new valves for R.F. generators 
of 10 kW and upwards. These new products are not modifications 
of valves used for communications, but are designed expressly for 
operation under the less favourable conditions imposed by factory 
use. They are rugged and will withstand severe overloads; they 
are low in first cost and have a long service life. Both types are 
available in air-cooled or water-cooled versions and a suitable range 
of rectifying valves for use in conjunction with them is also available. 


Valves for 
Industry 


is the title of a new 
publication giving full details 
of these valves, which is 


available on request. 


“ENGLISH ELECTRIC 





ae eas na pag i Waterhouse Lane, Chelmsford 
MET MEUAUMMAUIMIE rotcchones Chelmsford 2401 


AP 300-12 
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CHILTON STEEL LTD 


for that 


NEW BUILDING 


CE ) for Designed Structural 
Steelwork 


CE ) for Standard Portal Frame 
Building 





for Roof Steelwork to 
Requirement 


(CD for SERVICE & SATISFACTION 


We solicit your Enquiry 


CHILTON STEEL LTD 


THE FOUNDRY - LONG MELFORD 


SUFFOLK 


Phone: LONG MELFORD 273 Grams : CHILSTEEL-LONG MELFORD 
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DONOVAN 





ACCESSORIES 
for the 
Teles te), ile 
APPARATUS rr naan 
MANUFACTURER RELAY 


2 to 8-Pole N.O. or N.C. 
contacts 


—— 





TYPE J.96 
TERMINAL BLOCKS 










Type C.30 PUSH BUTTON UNIT 
arranged for mounting on 


customers’ own cover plate. Made in 15, 
N.O./N.C. contacts. 30 and 60 
4 Colours. amp. sizes. 


THE DONOVAN ELECTRICAL CO. LTD. 
Safuse Works ° Stechford * Birmingham,33. 





The target for 1955 


HANNOVER 


—the greatest market 
of the German 


ELECTRICAL 
INDUSTRIES 


for Investors’ and 
Consumers’ Goods. 
Only at the 


GERMAN INDUSTRIES 
FAIR — HANNOVER 
24 April — 3 May 1955 
Information and Prospectus 
obtainable from : 
SCHENKERS LTD. 27 CHANCERY LANE, LONDON, 
W.C.2. 


Tel : Chancery 6612 Fernschreiber : London 2-2625 
and 


ZENTRALVERBAND DER ELEKTROTECHNISCHEN 
Industrie, Frankfurt/M., Am Hauptbahnhof 12 
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Caslite : 








Iron Dust 
_ Gores | 

































by Plessey 





Bigger Standard Range... 


Under the registered name CASLITE, The 

Plessey Company presents a range of superior 

| iron dust cores of the types in constant 

demand by the radio industry. New 

manufacturing techniques developed at the 
Towcester factory have resulted not only in 

the establishment of a better product within the 
various material gradings but also in more economic 
production. In consequence, prices are 

keenly competitive. 

Where cores outside the standard range are required, 
the Company is always willing to advise on design 
and to produce iron dust cores to suit specia! needs. 


Better Product... 


Due almost entirely to their own continuity of effort 
to improve the performance of iron dust cores, 

The Plessey Company now hold an unchallenged 
position in the breadth and quality of their standard 
range of cores, both for use at normal I.F. and 
broadcast frequencies and again for the more recent 
} exploitation of the V.H.F. region and television. In 
the latter context, the Company is able to announce 
the introduction of several materials possessing 
greatly improved qualities for use in these fields. 
These are the Grade 22 and Grade 23 powders, 
mechanically suitable for use in conventional 
constructions and available at economic prices. 


———S== 





Manufacturers are invited to write for Plessey Publication No. 650/2 
which contains comprehensive details of these products. 


‘Caslite’ Iron Dust Cores are produced by 


THE CHEMICAL & METALLURGICAL DIVISION OF PLESSEY » WOOD BURCOTE WAY + TOWCESTER + NORTHANTS 
@ Pc2a 
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<Qj> High-Speed 
OSCILLOSCOPE 
Type 830 


Y PLATE AMPLIFIER : 


Frequency Response : 
+ 2.5 db from 30 c/s-20 Mc/s. 


Sensitivity : 
75 millivolts per cm. 





Rise-time : 
25 Millimicroseconds. 


TIME-BASE : 


Range : 
0.05 second to |.5 microseconds. 


Operation : 
Triggered or repetitive. 


Expansion : 
Variable up to 5 times. 


Traverse : 
A traverse control enables any portion 
of the expanded time-base to be 
viewed. 


E.H.T. VOLTAGES : 
I, 2or 4 kV. 





5 dpe OSCILLOSCOPE TYPE 830 has been designed for general wide-band frequency 
work and is particularly suitable for observing pulse waveforms with very fast rise-times. 
The frequency response of the Y amplifier is*flat from 30 c/s to 20 Mc/s and the time-base 
provides writing speeds up to 20 cms. per microsecond. 

The mechanical design is the same as that employed in the Airmec Oscilloscope Type 723, 
the Cathode Ray Tube being mounted vertically and viewed through a surface aluminised 
mirror. The instrument may therefore be used in conjunction with the Airmec Oscilloscope 
Camera Type 758. 


Full details of this or any other Airmec instrument will be forwarded gladly upon request. 


AIRMEC LIMITED 


HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND. 


Cables: Airmec, High Wycombe 
Tel: High Wycombe 2060 ‘ 
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EDDYSTONE 


V.H.F. COMMUNICATIONS RECEIVERS 


MODEL 770R-—19 Mc/s.to 165 Mc/s. CONTINUOUS 
MODEL 770U-—150 Mc/s.to 500 Mc/s. CONTINUOUS 
FOR MONITORING, FIELD TESTS, LABORATORY PURPOSES ETC. 





Highly efficient signal frequency circuits. 
Substantial diecast rotary coil turret. 


Excellent frequency stability and 
selectivity. 


Accurate re-setting and ease of handling. 


High sensitivity and excellent signal-to- 
noise ratio. 


For AM and FM, 


Robust construction and outstanding 
reliability. 


“S”’ Meter. Noise Limiter. 
Preferred type valves. 
. Finest workmanship, 





@ A.C. operation. 110-250 volts. 40-60 cycles. 
@ Dimensions 163” x 15” x 83’. 
@ Weight 60 Ibs. 


PLEASE WRITE FOR FULL SPECIFICATION TO THE MANUFACTURERS: 








STRATTON & CO. LTD., ALVECHURCH ROAD, BIRMINGHAM, 31 

















otorthe TUNGSTEN 


We 9 
jttle jobs MOLYBDENUM 
big way? PRODUCTS 







As one of the largest 
specialists in the design 
and manufacture of 
small electric motors, 
we have the resources 
which usually enable us 
to provide the best solu- 
- 2", ———- in 
this field. It will pay to 
consult us first ! At) YBDENUM TUBES, oa & 
illus. : Type 335C40 Geared 
Motor, with A.C. & D.C. 
interchangeable frames. 

1-20 r.p.m. Torque : 
20-10 ibs. ins. 


OTHER SPECIAL COMPONENTS 


The very wide range of “FRACMO” Metors include: 


UNIVERSAL 1/250 to} h.p. @ SINGLE, SPLIT PHASE 1/100 to 
th.p. & CAPACITOR 1/80 to 1/6h.p. @ 3-PHASE 1/20 to 1/3 h.p. 
SYNCHRONOUS 1/100 to 1/I6h.p. @ SHADED POLE 1/160 h.p. 
at 1300 r.pm. @ GEARED UNITS 0.25 to 600 r.p.m. Torque up to 
800 Ibs. ins. 


FRACTIONAL H.P. MOTORS LIMITED 
Rookery Way, Hendon, N.W.9 Tel: Colindale 8022/3/4 


Our Birmingham address is : 
6 Lansdowne Road, Erdington, Birmingham 24. Tel. Erdington 0460 


ELECTRO-ALLOYS LTD 
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ALL-POWER 


REGULATED POWER SUPPLIES 








SERIES 500 


An entirely new range of units, designed 
for the highest possible performance 
and overall efficiency. 


Now in large scale production and 
available for prompt delivery. 





Model 501 


(fitted with end frames) 


ABRIDGED DATA 


(Further information on request) 

































































| | 
Data | Model 501 Model 502. | Model 503 Model 504 Model 505 
Output |  200-500V 200-500V 0-500V 0-500V 0-500V 
250mA 250mA 250mA 250mA 150mA 
od 5 Number of Ranges | 2 2 4 4 | 
N 
> Voltage Stabilization +0.02% +0.002% +0.1% +0.002% +0.1% 
=a 
= > | Effective Output Resistance 0.2.2 0.02 Q 0.5 Q 0.02 Q 0.5 Q 
(max.) 
Output Ripple (rms. max.) 2mV ImV 3mV ImV 3mV 
Outputs —- as 250V 25mA 250V 25mA 250V 25mA 
=>, 0—250V ImA | 0—250V ImA | 0—250V ImA 
oe 
ss Voltage Stabilization ase ‘ell 40.05% 4.0.002°% 4+.0.05% 
2 / 
+5 Output Resistance (max.) | a 1Q 0.01 Q 1Q 
Output Ripple (rms. max.) | es — 2mV ImV 2mV 
Unstabilized + VE | 470V 470V 320V 320V 
H.T. Supply 250mA max. | 630V 630V 470V 470V 630V 
| 630V 630V 
Unstabilized A.C. Supply 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 
Price | £70 £91 £81 £99 £75 








STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted 


with fully protective covers. 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 


Polished hard-wood reinforced end frames 


teel instrument case of new design 


PRICES. Prices are quoted net ex works and are subject to variation without notice. 


ALL-POWER TRANSFORMERS LTD. 


ELECTRONIC ENGINEERING 


° CHERTSEY ROAD, BYFLEET, SURREY. 


Tel.: BYFLEET 3224/5 
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£1 15 Oper pair 
£4 10 OQeach 
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‘FREQUENCY METERS 


SIZES : 23” to 8” 


UP TO 5000 CYCLES 
PROMPT DELIVERY 


A RAE 











also the new SYNCHROSCOPE 
M.C. KILOVOLTMETERS 


and full range of Switchboard Instruments. 
Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 


HILLINGTON, GLASGOW 
London stockists, H. A. Patterson, 156 High Holborn 


ane eee es 





‘ 
TECHNICAL 
SERVICE 


THE HARBORO RUBBER CO. LTD. MARKET HARBOROUGH 
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an open 


Invitalion 


to all manufacturers 


oO 


Photo Flash Equipment 
Deaf Aids 


Private Telephone 
Installations 
Amplifiers 


D.C. Power Units 

Spot Welding Equipment 
Test Gear 

Magnetisation Equipment 


You are invited to regard the TECHNICIANS 
at DALY as a part of your own technical staff. 
Non-standard components are invariably a source 
of worry, therefore the Electrical Industry find the 
DALY ‘“ made-to-measure ” service for individual 
requirements specially helpful and a great time-saver. 

For URGENT problems a telephone request 
will bring us post haste to your factory for consulta- 
tion without obligation—and you will find our 
readiness to help both valuable and economic. 


DALY ELECTROLYTICS for ELECTRONICS and 
COMMUNICATIONS ... MOTOR START... 
RADIO and T.V. ... are in great demand throughout 
the world ; send for appropriate pamphlet. 


DALY 


ELECTROLYTIC CAPACITORS 


CONDENSER SPECIALISTS FOR OVER 20 YEARS 


DALY (CONDENSERS) LTD., WEST LODGE WORKS, 
THE GREEN, EALING, LONDON, W.5 


Phone : EALing 3127-8-9. Cables : DALYCON, LONDON 
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Designed 
for 
Continuous 
Service 


ATE/TMC Transmission equip- 
ment is designed to offer an opera- 
ting administration the maximum 
facility in the performance of 
maintenance routines. Jack-in panel 
frames fitted with quickly detach- 
able functional units ensure the 
most rapid form of servicing yet 
devised. You are invited to apply 
for a copy of “Unit Construction 
Practice” which describes the tech- 


nique employed. 


AUTOMATIC TELEPHONE & 
ELECTRIC CO. LTD. 


Radio and Transmission Division, Strowger House, 
Arundel Street, London, W.C.2. Telephone: TEMple 
Bar 9262. Cablegrams: Strowgerex London. Manu- 
facturers:—AUTOMATIC TELEPHONE & ELECTRIC Co, 
Ltp., Liverpool and London. TELEPHONE MANU- 
FACTURING Co. Ltp., St. Mary Cray, Kent. 
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HIG 


M.O.S 








High Tension | 
Testing and Measuring 
Equipments 








Cathode Ray Oscillographs 
Peak Voltage Instruments 
Sphere Gaps 
Electrostatic Voltmeters 





Potential Dividers 
Oil Testing Devices 




















TYPE SCX 











, = Ps 
? cy, \2 
| Pa pilice mnie 
| roi Map, CIRCUITS Fog? 
2 —— 
| EFFICIENT UP TO 300 MC/S Sind cllaiik, dusk 
| HIGH FREQUENCY SWITCHING es a ee 


M.O.S. APPROVED. 10F/17354. 10F/17544. And Others 
' LONDEX LIMITED anertey works, LONDON, S.E.20 Telephone: 4SYDenham 6258 
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Ranges : 


Accuracy : 
Zero Drift : 


Mains : 


BALDWIN 








Specification 


0-10, 20, 50, 100, 200, 500 volts— 
either polarity. 

+1.25% of scale reading. 
Less than 1% of full scale deflec- 
tion per hour after five minutes 
warming on 10 volt range or 
less on higher ranges. 

+10% deviation from the 
nominal mains voltage will 
affect the zero and calibration 
by less than 0.2v. on all ranges. 


Power Supply: 200-250 volts 50 c/s. 


BALDWIN, *> 


<~ 





INSTRUMENT COMPANY LTD. 





scien tific instruments 
y \/ 





Based on a well-known A.E.R.E. design, the 
HYZEE Electrometer Voltmeter has an input 


resistance of the order of 10!8 ohms. The instru- 


ment can thus be connected to a circuit without 


disturbing the existing conditions. 


Typical applications are :— 
@ Volt-drop across high resistors. 
@ Valve grid currents. 


@ High value resistors. 





@ Insulator surface or volume leakage. 


@ Electrostatic field measurement. 


DARTFORD +: KENT Telephone : 2948 
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SCINTILLATION 


COUNTER HEAD 
TYPE 655 


A universal unit for fundamental research into nucleonics— 





medical, clinical and diagnostic : routine investigation. 


Special end caps and lead collimator are provided with this 
equipment for Alpha, Beta and Gamma rays, X-Ray 
Spectrometry and neutrons using crystalline and plastic 
phosphors. 


Ancillary Isotope Apparatus available for complete 
scintillation techniques includes : 
EXTREME STABILITY E.H.T. UNIT, WIDE BAND AMPLIFIER, PULSE 
ANALYSER, SCALER. 


Detailed 


— I y OT 8 Pp > 
MI TE 





120 - MOORGATE -: LONDON :- E.C.2 
Teleph : METropoli 9641 (5 lines) 
Midland Agent: HAWNT & CO. LTD., 59 Moor St., Birmingham, 4. 
(Telephone: Centra 6871) 
Birmingham LTD ton, 


Northern Agent: A.M. LOCK & CO. yp Cr Pp 
4il Oldham, Lancs. (Telephone: Main 6744) 
Stand Scottish Agent: A. R. BOLTON & CO., 72 Haymarket Terrace, 
Edinburgh. 12. (Telephone: Edinburgh 62446) 




























Chadd. 





MILTOID SALES 


denne RELAY? P.O. TYPES 


BX PLASTICS LTD. | TO YOUR 
ie | SPECIFICATION 
A Subsidiary of the British Xylonite Co. Ltd. 













STOCKISTS OF 


BX | 
POLYSTYRENE (J tu, cu: 








i> “it trmintt 
sig: DELIVERY 
A first-class rigid insulating material, supplied Supplied. 
ex stock in sheets and rods in a range of LARGE 
thicknesses and diameters. STOCKS 
. OF 
Information and guidance on manipulation, KEYSWITCHES 











machining and cementing available on request. THE KEYSWITCH CO. 


ALL POST OFFICE EQUIPMENT 


34-36 Royal College Street, London, N.W.1. Enquiries to Sales Director 

















Phone : EUSton 6467. ’Grams: Celudol, Norwest, London 126 KENSAL ROAD, LONDON, W.10 
Telephone : LAD. 0666. 4640 

T.A.7853 : 
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good magnetic 
characteristics 





CAREFUL 
CASTING 
CONTROL 


Standard maintains its established leadership 
in the manufacture of high permeability mag- 


netic alloys by constant vigilance in the 


control of each and every production process, @ PERMALLOY ‘C’ for highest initial permeability, 
useful for wide-band frequency transformers, current 
one of which is illustrated here. Produced by a transformers, chokes, relays and magnetic shielding. 
@ PERMALLOY ‘B’ has lower initial permeability than 
Company which has the unique advantage of being Fermalloy ‘C’ but higher values of flux density. Suitable 
where high rermeability to alternating field is required 


superimposed upon a steady polarising field. 


a large-scale user ef its own magnetic materials, a long 
@ PERMALLOY ‘D’ for very high resistivity without 


undue lowering of the maximum flux density. Variation 


experience of the applications of these materials gives of permeability with frequency is small. Ideal for H.F. 
applications. 

full appreciation of the properties essential for uniform @ PERMALLOY ‘F° for high flux density, very rect- 

ere angular hysteresis loop, with a retentivity of at least 95% 

electrical characteristics and stable performance. of its saturation value and low coercive force. Ideal for 


saturable reactors, magnetic amplifiers, digital computors, 
memory devices, etc. 


It will pay you to investigate the capabilities of 
@ V-PERMENDUR for high permeability with a very 


Standard m gneti i i our specific high value of maximum flux density. Finds special 
- tic alloys with relation to y application for use as high quality receiver diaphragms, 


" also motor generators and servo-mechanisms in aircraft 
requirements. where weight and volume are important factors. 


Srandard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, W.C.2 
TELEPHONE LINE DIVISION: North Woolwich, London, E.16 
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Two new 

GLASS FIBRE 
LAMINATES 

with a tremendous 
range of uses! 


Lad 6 99 
nN MF 
An inexpensive 
laminate, fireproof, 
aal with good mechanical 
oe properties. 
Lad ae 99 
ed 
ag A general purpose 
wal Insulating Material, 
) G5 with good 
“diivite enquiries (0: =. Machining and 
i! 4 punching properties. 


dP piarced 28 
ANOTHER PRODUCT 








Write for specimens and quotations 


RUBBER IMPROVEMENT LTD., WELLINGBOROUGH, NORTHANTS - Tel: Wellingborough 2218 & 2286 










Now especially for the ELECTRONICS INDUSTRY 


BRIGHT SILVER PLATING 


(Superseding the conventional dull silver plating) 


RHODIUM PLATING 
GOLD PLATING 


Our Laboratory-controlled Works have been extended to 
include the above processes in addition to the normal 


Electro Deposition finishes generally used in industry. 


A.l.D. and A.R.B. APPROVED 





fadiant METAL FINISHING CO. LTD. 


WELLCHROME WORKS, SHEPHERDESS WALK, LONDON, N.1 
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wound on Ferroxcube cores 
ESIGNERS of compact and efficient 
tuned circuits and wave filters are 
making ever-increasing use of Mullard 





Based on Ferroxcube, the world’s 
most advanced magnetic core material, 
these coils combine small size with an 
inductance of up to 30 henries over a 
wide frequency range. Furthermore, 
their convenient shape and self screen- 
ing properties facilitate either 

Full details of these and other high 
grade components now available from 
Mullard will be gladly supplied on 
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Special Features 


Small size 
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FREQ.Kc/s. 


+ CENTURY HOUSE 


OO 


Mullard 


I 


10 


600 
500 
400 
300 
200 
100 


W.C.2 
(MM450) 


+ LONDON .- 


+ SHAFTESBURY AVENUE 


+ COMPONENT DIVISION 


MULLARD LIMITED 
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CONSTANTA 









AGWAC 


Australian Guided Weapons 
Analogue Computer 


high stability resistors used in 





with acknowledgments to Elliott Brothers (London) Ltd. 





Elliott Brothers (London) Ltd., manufacturers of AGWAC—the largest electronic calculating machine in the 
Southern Hemisphere—CHOSE CONSTANTA HIGH STABILITY RESISTORS, Class 0.5 (stability + 0.5%), for the 
exacting requirement of the computer’s summation circuits. 


Write for Technical Folder 162/CE giving full details of the Constanta range which includes : 


3 yp Si 1 a DOWN 
LASSES TO + 0.5% 


STANDARD 


INSULATED AND NON- 
MINIATURE sizes 


INSULATED TYPES 


G. A. STANLEY PALMER, A.R.Ae.S., Maxwell ee Arundel St., London, W.C.2. tel. : TEMple Bar 1610 








The Edison Swan Electric Co. Ltd., 


Cosmos Works, Brimsdown, Enfield, Middx., 


has vacancies in its Research and 
Development Departments for :— 


1. Development Engineers for work on design and 
development of thermionic valves. 


2. Technical Assistants for work in connection with 
design and development of thermionic valves. 


3. Mechanical Engineers interested in the problems of 
mass production associated with thermionic valves. 


These vacancies are the result of a rapid expansion in 
the Company’s activities. The positions are pro- 
gressive and carry the advantages of a Pension Scheme. 


Applicants for vacancies (1) should have an 
Engineering or Physics degree, but applications from 
candidates with H.N.C. or equivalent will be 
considered. 


Applicants for vacancies (2) and (3) should have 
Ordinary N.C. or H.N.C. or Inter B.Sc. or equivalent. 


The starting salary will be in accordance with the 
qualifications, experience and age of the applicants. 


Applications should be in writing and will be treated 
with the strictest confidence. 


Apply to the Personnel Superintendent. 








ELECTRO- 
MAGNETIC 
COUNTER 





MAJOR TYPE 6 x I} x I} ins. 


FOR ALL D.C. VOLTAGES 
TESTED and GUARANTEED 


17/6 Post & Pkg. 9d. 


MAGNETIC RELAYS 
UNISELECTORS 
KEY SWITCHES 


PPA UAH 


JACK DAVIS (RELAYS) LTD. 


\" 

§ Dept ‘E’ 36 PERCY STREET, LONDON, W.! § 
§ MUSEUM 7960 LANGHAM 482! 
ANMANMANMAAAAAAAAAAM 
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TWIN NEON 
INDICATOR LID 
gives visual signal 

of fuse failure 





HL MUCUS mu iW bUML LEVEL OT 


or eer a ae 








This is fitted with two bayonet cap neon lamps with their associated 
resistor network, and is intended to carry a pair of 1} in. x } in. fuses 
of the standard glass or H.R.C. types. 


The lamps are designed to go out on a fuse failure; it has been said 
that it would be more convenient if the lamps were to light, but engineers 
designing critical and important equipment will not countenance such 
an arrangement where there would be no indication in the event of a 
lamp failure, whereas now the worst that can happen is for an apparent 
“fuse failure” signal when no such failure has occurred. 


The lid is designed to be a direct replacement for the lid of our 
standard twin safety fuseholder, thus providing neon indication without 
any modification to existing circuit wiring. A replacement safety clip 
ensures non-reversibility. 

Complete boxes with or without back connections can also be 
supplied if desired under List Nos. L.730 or L.731. 

The unit is suitable for Relay Control equipment or any similar 
gear having a number of fused mains or H.T. circuits, and saves the 
cost of separate indicator lamps with their attendant wiring and addi- 
tional space requirements. 

The neons will glow satisfactorily over a voltage range of 180/250 V. 
a.c. (r.m.s.) and 220/250 V. d.c. 


L.732 PRICE 16/3 


BELLING & LEE LTD 


| GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 
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CURE FOR 
A HEADACHE 


This ingenious “‘Belling-Lee” device 
does away with two little trouble-spots in 
servicing equipment. First of all, it 
enables valves to be extracted swiftly and 
surely from amongst the most tightly- 
packed components. It is moulded in 
rubber, and will handle B7G, B8A and 
BoA valves. 


Secondly, a pin straightener for B7G 
and BgA valves is incorporated in the 
handle. This is accurately moulded in 
a hard phenolic material, and will prevent 
valves or sockets being damaged through 
trying to force insertion with bent pins. 


Simple — but very effective! 


List No. L758 — 
Combined valve 
extractor and pin 
straightener. 


Price 2/6 
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plant at 
the works of :— 


FERGUSON RADIO 


CORPORATION LTD. 


Illustrated is a Canning Fully Automatic Plant 
or Cadmium plating radio components. 
Equipment for the deposition of various metals 
has been supplied to leading establishments 

in the radio, electrical and telecommunications 
industries. 


om @ CLIT 6am BIRMINGHAM 18 








OPPORTUNITIES IN CANADA FOR 


ELECTRONICS ENGINEERS 


At CANADIAN WESTINGHOUSE CO., LTD., 
HAMILTON, ONTARIO 

Starting salary from $4,000 to $7,500, depending 
upon experience. Liberal financial relocation assist- 
ance will be given. 

Prospects for professional and personal advance- 
ment are excellent in the rapidly expanding electronics 
field, and are limited only by individual ability. 

Positions are available at SENIOR and JUNIOR 
levels, to engage on Design, Development and Test 
electronics and Electro-mechanical equipments, in- 
cluding Guided Missiles, Naval Ordnance, Radar 
and Communications. 

Qualifications required : 

University degree in ELECTRONIC, ELEC- 
TRICAL or MECHANICAL engineering ; Higher 
National Certificate with endorsement ; Graduate 
I.E.E. or Graduate I.Mech.E. 

Minimum experience : 

Two years Design, Development or Test experience 
on Micro-wave, Servos, Circuitry, High Pressure 
Hydraulics, Missile Systems, Radar Continuous 
Wave Transmitters. 


Interviews will be held in London. 
To arrange an appointment send brief resume, 
including telephone number to :— 


W. D. Hobden, c/o Canadian Department of Labour, 
61, Green Street, London, W.1. 
or 
Telephone Mr. Hobden at MAYFAIR 9331 


Please bring a passport type photograph to interview. 
All replies will be kept in confidence. 
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Extended range 


NOW AV avilable. 





THE range of Rivlin Precisi Wi d Resistors has been 

extended to include miniature types. As with existing Rivlin 
Resistors they are fully heat treated and a heavy polythene coating 
renders them completely impervious to the effects of humidity and 
temperature. 


Rivlin Resistances can be adjusted to 0.1% of the required value, 


or 0.01Q whichever is the greater. 


Any value in the range 0.1Q to 50,0002 can be supplied with a 
temperature co-efficient of 0.002% per degree centigrade, and up to 
1MQ with a temperature co-efficient of 0.02% per degree centigrade. 


Standard rating—1 watt. 


Rivlin Wire Wound Resistances fully comply with Services speci- 


fications. 


APA 
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WIREWOUND RESISTORS 
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DELIVERY 14.TO 21 DAYS 


* American types reproduced. 





RIVLIN INSTRUMENTS LTD. 


ELECTRONIC ENGINEERING 








7a Maitland Park Villas, London, N.W.3. Gulliver 2960. 









Multi-channel tuning! 


/) : 





' 


“TELETUNER” 


(TRADE MARK) 


type TV.I2 








Instant, single-knob selection ! 


Select a frequency in the 50-220 Mc/s range—select any one of 
twelve in fact—and this new Cyldon Multi-channel “ Teletuner ”’ 
will handle it. This compact two valve unit performs the 
functions of R.F. amplifier and frequency changer in a television 
receiver. Write for Folder TV 1953. 


FOUR POPULAR ‘CYLDON’ TRIMMERS 





No. 26. Mica Compression No. 25. Mica Compression No. 19. Mica Compression No. 30. Ceramic Trimmer. 


Trimmer. Trimmer. Trimmer. 


* Full details and specifications available on application 





NAD) \ Ea Meee s1h,dO Eee Contractors to Ministry of Supply, 








Post 
aie) \ eee a) Office, and other HM. Government De, : 











1 RECMF | 

| EXHIBITION | 

1 April 1921 |! POOLE DORSET 

| SeeusonStandNo. | * Please note new address for enquiries and sales correspondence :- 

53 1 LONDON SALES & TECHNICAL LIAISON OFFICE, 

as eae senate 3 PALACE MANSIONS, PALACE GARDENS, ENFIELD, MIDDX. 
Telephone : Enfield 2071-2. Telegrams : ‘Capacity, Enfield.” 
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FUINE WORK 


This tiny but important meter 
train by Ferranti Limited, is not 
only an example of the fine 
precision work carried out by 
that famous organisation but also 
demonstrates the way in which 
**Duralumin”’ can assist in de- 
velopments in the electrical field. 


The construction is largely in 
*Duralumin”’ manufactured to 





very fine tolerances and its use 
means that less power is required 
to drive the train, the accuracy of 
the meter thereby being increased. 


*‘Duralumin”’ is one of a com- 
prehensive range of light alloys 
developed by James Booth & 
Company Limited, and these 
modern materials are being 
increasingly uséd with great 
advantages in electrical engin- 
eering and electronics. Our 
Technical Sales Section will 
always be pleased to offer advice 
entirely without obligation. 





ic UURALUMIN 


REGD. TRADE MARK 


by FERRANTI 


JAMES BOOTH & GO. LTD ARGYLE STREETS WORKS - BIRMINGHAM: 7 








ee 
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The Edison Swan Electric Co. Ltd., 
Cosmos Works, Brimsdown, Enfield, Middx., 


has vacancies in its Research and 
Development Laboratories for :— 


. Circuit Development and Application Engineers 

for Colour Television investigations. 

2. Circuit Development and Application Engineers 
for Black and White Television development work. 

3. Engineers for development work on Television and 
F.M. Amplifier problems. Previous experience 
in V.H.F. or F.M. required. 

4. Cathode Ray Tube Development Engineers for 
development work on colour and black and white 
tubes. Previous experience on cathode ray tube 
development or design required. 

5. Application Engineers for work in connection with 
Customer problems on Television, Radio and F.M. 

6. Engineer for design of test equipment for Colour, 
a and White Television and allied development 
work. 

7. Engineers for Circuit development and Application 

work on Transistors. 


The above applicants should have a good Engineering or Physics 
or equivalent, but vacancies also exist for candidates with 

H.N.C. or equivalent qualifications. 

The vacancies are a result of a large expansion in the Company’s 

activities. 

Good salaries will be paid to suitable applicants and the positions 

are progressive and carry the advantages of a Pension Scheme. 

The starting salary will depend on the qualifications, experience 

and age of the applicants. 

Applications in writing, which will be treated with the 

strictest confidence, should be sent to the Personnel 

Superintendent. 














No substitute for 




















THE requirements of the 
electrical industry call for compo- 
nents of the highest quality. That is 
why CRESSALL Rheostats, 
Potentiometers, Resistor Units, 
etc., are designed and construc- 
ted to meet the most exacting 
conditions, Their quality is 
based on over forty years’ ex- 
perience of manufacture — a 
guarantee for long service 

and satisfaction. Whatever 
your requirement, there is a 
CRESSALL component to meet 
every need in the whole 
power range. 


QUALITY 





THE CRESSALL MANUFACTURING CO. LTD. 


TOWER STREET BIRMINGHAM 19 


ELECTRONIC ENGINEERING 





| 








108 






The neu) 


HEAVY DUTY ELECTRIC COUNTER 


This Electric Counter is designed primarily for 230 volts, 
A.C., supply. The Counter can be left energised for an 
indefinite period without damage. Provision is made for 
running conduit to the counter case. 


We have in production a range of 
standard and_ electro-magnetic 
counters to suit most industrial 
applications. Full details are 
available on request. 


COUNTING INSTRUMENTS LTD. 
| 5 Elstree Way, Boreham Wood, Herts. Phone: ELStree 1382-3-4 








Vacancies exist in the Research Laboratories of 


ERICSSON TELEPHONES LTD. 
BEESTON, Nr. NOTTINGHAM, 
for 


1. A senior man to take charge of a new division 
for Instrumentation of Nuclear Piles. Applicants 
should have a good knowledge of electronics and 
servo systems. (Ref. RI 1) 


2. A number of men for posts in 
(a) Electronics 
(b) Servo systems. 
(c) Circuit and equipment engineering. 
(Ref. RI 2) 
3. A senior man to take charge of a new section on 
transistor circuitry. (Ref. RT 1) 
4. Men for posts in the transistor section. 
~ (Ref. RT 2) 


5. Men for posts in the field of electronic computing 
and switching. (Ref. RCS) 


6. Men for posts in the field of electronic instruments 
(a) Electronic Engineers (Ref. RIE) 
(b) Mechanical Engineers. (Ref. RIM) 


7. Men for research on cold cathode tubes. 
(Ref. RK) 


8. Physicists and physical chemists for research in 
Solid State Physics. (Ref. RP) 


Applications, quoting reference number of post or 
posts for which applicant wishes to be considered, 
giving age, summary of qualifications and experience, 
to Personnel cer. 
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..@a basic 
necessity ! 


. . for high precision electronic 
and electro-mechanical instruments 







In this age of rapid technical advance, the prized rarities of this 
year are the accepted basic necessities of the next. The crystal 

in yesterday’s wireless receiver is no more outmoded by the 
thermionic valve of today than the valves might well be by 

tomorrow’s germanium transistors. Time was when the instrument 
designer was faced with the limited choice of mounting miniature 
spindles on plain bushings or jewel bearings and with the attendant 
problems of lubricating bushes and avoiding overload on jewels. 

Then, with the advent of the miniature ball bearing, came the 

solution to a score of problems. although such refinements had still 

to be used with the caution imposed by cost and availability. Today, 
the results of their regular use are manifest in new standards of 
reliability, greatly extended scope in instrument design and the 

many new techniques rendered possible. 

But notwithstanding the speed and regularity with which revolutionary 
ideas are developed from novel innovation to basic necessity, today’s 
discoveries are seldom the effortless fruition of yesterday’s thought. 
‘*B.M.B.”’ miniature ball bearings, for instance, emerge, owing their high 
standards of precision and performance to many years of patient research 

and exhaustive testing, and with them an intimate knowledge of application 
and selection of bearings for specific duties. 

The ‘‘ B.M.B.”’ technical advisory service places this knowledge at the disposal 
of instrument designers who are invited to consult, at design stage, experts 
well versed in the performance characteristics of miniature bearings, who will 
be happy to co-operate towards the solution of your own bearing problems. 


Bones 


BRITISH MANUFACTURED BEARINGS 





- | me 


“gE 








THE BRITISH PIONEERS OF 


MINIATURE BALL BEARINGS 


TO ‘LIGHT WAVE’ PRECISION 











BRITISH MANUFACTURED BEARINGS Co., Ltd., CRAWLEY, SUSSEX 
Sole Selling Agents : B.M.B, (SALES) LTD., “BOSCOBEL”, HIGH ST., CRAWLEY, SUSSEX 
Phone: CRAWLEY 1030 (6 lines) Grams : BRIMAN, CRAWLEY 
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PECIALISTS in the manufacture of 

Variable Wirewound Resistors 

for over 20 years, Colvern Ltd., 
are BRITAIN’S largest manufacturers of 
these components. 


Our fully comprehensive range includes :- 





x Sealed Wirewound Potentiometers and Variable 
Resistors Fully Type Approved to Inter-service Specifica- 
tions RCS/121 and RCL/I2!. 

4 Standard Wirewound Potentiometers from | to 15 watts 
rating, including multi-ganged types and semi-preset 
Controls for Television Receivers 

* High Accuracy Precision Potentiometers including 
sine/cosine types. These Potentiometers, the most 
accurate made in the world to-day are 
incorporated in most modern Radar, 

Navigation and Computing Equipment 
= Ten Turn Helical Potentiometers. 


COLVERN LIMITED 


Mawneys Road « Romford - Essex 
Telephone No.’s : Romford 8881/2/3 
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Do you know that many Coopers Polishing Bobs run at 
speeds in excess of 100 miles an hour (528,000 surface- 
feet) 2? No wonder they have to be made as only Coopers 
know how. Send for our free brochure today, illustrating 
the ideal wheel for every class of work. 


COOPERS 
FELT 


COOPER & CO. (B’ham) Ltd. 
BRYNMAWR BRECONSHIRE 
Tel.: Brynmawr 312 Telegrams: Felting Brynmawr 
Registered Office & Works: Little King Street, Birmingham, 19 
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TOP CAP CONNECTORS 


Electrothermal Top Cap Connectors and appro- 
priate retainers, moulded in heat-resistant, 
non-tracking material, are available for use at 
continuous high working temperatures. They 
provide efficient contact and retention under the 
worst ‘conditions of vibration and shock. 


Please request valve retainer data book 


Etectrothermal Engineering Ltd. 
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: 2 We can’t soft- 
| pedal this switch... 


... itis far too important. Imagine the cost and 





Y 
complexity of switching the multiple circuits of radar or radio 
without rotary switches: think how simple a rotary makes it. 
Go on to ask the obvious question: Why not the same 
simplification of industrial power switching? Why not indeed! Austinlite 


Rotaries are designed for that very purpose. They switch more compactly, more 


—— 


cheaply, more simply than conventional switchgear... and every 
switch is built for its job. Tell us what the circuits are: we will supply an 
Austinlite — no matter how special — to switch them. The switches are described 


in a technical brochure ‘ Simplified Switching ’— copies are available on request. 


Rotary switching is ‘Simplified Switching ’ 


ask o7tustinlite about it 


AUSTINLITE LIMITED, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM 
(A subsidiary of Stone-Chance Ltd., the makers of Sumo Pumps and Stone-Chance Lighthouses, 


4 
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| There are 399 Standard types of 
‘SOMERFORD’ Transformers 
and Chokes IN STOCE, =<... 








a eA EIR ee ee er ee ——— 


LE GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, Hants. Tel.: 1024 











pa Fis hos it we wn 
se r., 4 | Sey 
un enemies ape eA GRIFFITHS, 
| GILBART, 
LLOYD 

& CO. LTD. 


EMPIRE WORKS, 
PARK ROAD, 
BIRMINGHAM 18. 


Tel : NORthern 6221. 


For quick service at 


the right price 














get in touch with 
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Yih NOW -3 range of 
‘GERAMICAPS’ for your 
Li\e} Storage Unit! 


Git aida-D) 

















The LAB Continuous Storage Unit is widely acknowledged 
as the most efficient and convenient method of storing and selecting 
resistors. Now its usefulness is still further extended 
with the introduction of LAB pak’d ‘ Ceramicaps’. 

With the LAB Unit, research and experimental 
laboratories and small production groups 
have to hand immediately, a complete range 
of resistors and ‘Ceramicaps’, easily selected 
with card index simplicity from some 700 
sorted and carded components. Empty cards 
are merely replaced with full ones 
from stock. 
The LAB unit is supplied 
FREE with initial purchase 
to your specification. 
Standard assortments 
available. Each LAB Unit 
can be used to store one type 
of component exclusively, or 
quantities of the complete 
range of resistors and 
‘Ceramicaps’. Full details and 
illustrated list will be sent on 
application. — 
































, RESISTORS | Di s 
Ref. Type Loading | ess | Range imensions co NTINUOUS 
T + watt + watt | 250 10 ohme x th” 
t 
ett ae | | STORAGE UNIT 
Tolerance ilable + 20%, 10%, 5% 
HIGH STABILITY RESISTORS 
HS3 $+ watt + watt 750 | | ohm 10° 0.1" 
| —_t % Continuous Storage for 
Tolerance available +5%, 2%, 1% ‘ 
WIREWOUND RESISTORS H . 
PP ik i Tag ih Resistors and ‘Ceramicaps 
* CERAMICAPS ’ 
Tubulars 3- 470 pf Tolerances +2%, 10% d 
500 - 5000 pf Hi-K % Values separately carde 











The Lab Continuous Storage Units are available from your normal source % 
of supply, but more detailed information can be obtained from * Finger-tip Selection 


THE RADIO RESISTOR COMPANY LTD 


50 ABBEY GARDENS - LONDON - N.W.8 - Telephone: Maida Vale 5522 
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The self-tapper 


Like the woodpecker, the N.P.K. self-tapping 

screw is an independent and thrifty bird. He’s so 

tough he scorns the need for tapping machinery 

and so saves many a manufacturer both time and money. All members 
of this species have either slotted heads or ‘Phillips’ recess 

cruciform heads. They’re found, too, in every shape and size, 
depending on their particular function in life. If in doubt 


which to use, or... 


If it’s a matter of how to fasten one thing to another... 


get in touch with G K4 N 
GUEST KEEN & NETTLEFOLDS (MIDLANDS) LIMITED My 
Screw Division: Box 24, Heath Street, Birmingham 18 _ s/nex/2003 











j\lator® 
dio Frequer’d Ovell 
i 
o meters 


) ~— yalve Volt 
SCALES © DRAWING INSTRUMENTS |[@ - ogctlooor®® supplies 
DRAWING BOARDS & TEE SQUARES « stabilised noe 
PROTRACTORS © ARTISTS’ MATERIALS o Electronic a pevelopsent 
DRAFTING MACHINES © SLIDE RULES @ Research NT ediatel 


send for detail 


SET SQUARES “Hide 


Insist 
AND GENERAL DRAWING OFFICE pt Praerap ces a 
MATERIALS AND ACCESSORIES Hifi Lid, DERRY ST. BRIERLEY HILL, 
J WALD & CO. LTD., 8 ALBERT SQUARE, MANCHESTER 2. Bie: ee ee oe 
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Full particulars of the G.E.C, range of 
Selenium Rectifiers are available on application 
to your nearest G.E.C. Branch; E.S. & 
V. Depariment, Magnet House, Kingsway, 
London, W.C.2, or the address below :— 


SALFORD ELECTRICAL INSTRUMENTS LTD: SALFORD 3: LANCS - 


A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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exhibition 


of 
ourselves 


... in the strictest sense, 
of course. We will be 
found on Stand 25 at the 
Components Show, 
showing representative 
items from our famous 
Standard Range of metal 
housings —racks, cases, 
control consoles and 
cabinets: not forgetting 
standard accessories. 


What else ? Of particular 
interest are the new 
standards. You can in- 
spect them, youcan touch 
them and you can 
question, on the spot as 
it were. 


So make a note of it: 
the R.E.C.M.F. Exhibi- 
tion, Grosvenor House, 
Park Lane, W.1, from 
Tuesday, the 19th April 
to Thursday, the 21st 
April, 1955—Stand 25. 


And if you can’t wait, 
there’s“a permanent ex- 
hibition on at our show- 
rooms in New Oxford 
Street. You're always 
welcome! 








for 
worthwhile cases, 
racks, consoles, cabinets. 


IMHOFS 


ALFRED IMHOF LIMITED 


Dept. HI, 
112-116 New Oxford Street, London, W.C.1. 
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Museum 7878. 


THE NEW KOLECTRIC 
TYPE RH/I HAND COIL. 
WINDING MACHINE 


A substantially built Machine suitable for winding 
wire from 14.SWG (0.080”) upwards to the finer 
wire gauges. 


A sturdy detachable winding handle is provided 
and two winding ratios are available:- 1-1 and 1-4. 


This machine possesses many outstanding features 


full details of which, together with prices, are 


available on request. Prompt delivery. 


folecrnc [ro 


73 UXBRIDGE ROAD, EALING, LONDON W.5. Ealing 8322 














CRYSTAL OVEN 


TYPE ESIOI 


A temperature controlled oven for quartz crystals 
(10X, 10XJ or B styles). 

% Temperature differential 1.5°C. 

% 6.3V. heater—11 Watts. 

% Adjustable thermostat. 

%* Visual indication of thermostat operation. 

%* Small size—low cost. 


WRITE FOR LEAFLET E.E.5101 to :— 


Labgear (Cambridge) Ltd. 


WILLOW PLACE, CAMBRIDGE 
Phone: 2494-5 — ’Grams: LABGEAR, CAMBRIDGE 





APRIL 1955 


























Our ME 64 Six-channel Recorder 
is a fine example of our high quality 
Cathode-ray Oscillograph equipment. 


Please write for our catalogues 


SOUTHERN INSTRUMENTS LTD 


CAMBERLEY SURREY 
Telephone: Camberley 2230 (3 lines) Telegraphic Address: Minrak, Camberley, England 
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We specialize in the production 
of Superfine Wires and can supply ‘Vacrom’ 
down to .0005” and ‘Eureka’ down to .0007” 


VACTITE WIRE CO. LTD., 75 ST. SIMON ST., SALFORD 3, LANCS. 


Associated with The London Electric Wire Co. and Smiths Ltd., Frederick Smith & Co., and The Liverpool Electric Cable Co. Ltd. 





You can now avoid the slightest risk that 
delicate electronic instruments will be 
“Damaged in Transit”. HAIRLOK, which is 
a new form of resilient packing, ensures 
perfect protection becquse it is moulded to fit 
the shape of the product exactly. It can be 
moulded as hard or as light as required and 
will withstand any shock load including low 
frequency vibrations and varying climatic con- 
ditions. HAIRLOK complies with government 
specification and is non-staining to silver. 
To ensure that equipment is “‘Received in Per- 
fect Condition” specify Hairlok packing. We 
shall be glad to send full details on request. 


IDDESLEIGH HOUSE, CAXTON STREET, 









The shape 
of things ¢ 


to GO.... 














ABBEY 6722. 


TELEPHONE: 


LONDON, »>.w.l. 
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Ceramics 








ANOTHER BATCH OF THE FINEST 
QUALITY CERAMIC INSULATORS . 


A SERVICE WHICH TT HAVE DEVELOPED 
AFTER YEARS OF CONTINUOUS EXHAUSTIVE 
RESEARCH. 


THESE TT INSULATORS PLAY AN 1 
IMPORTANT ROLE IN ELECTRONIC 
DEVELOPMENT. 





TAYLOR TUNNICLIFF (REFRACTORIES) LTD. 

ALBION WORKS > LONGTON - STOKE-ON-TRENT 
Telephone : Longton 33122 

London Office: 125 HIGH HOLBORN, LONDON, W.C.1. Tel. Holborn 1951/2 
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THADDONS A.1.D. APPROVED 


TRANSFORMERS LTD. 


27-37 MASONS AVENUE, 
WEALDSTONE, MIDDX. 


Telephone 
HARROW 9022/3/4,5. 









ws 
V.L.F. — POWER and 
AUDIO FREQUENCY 
TRANSFORMERS 








Open or Enclosed Types _ For all climatic conditions 
CONTRACTORS TO ALL GOVERNMENT DEPARTMENTS 



















MOLYBDENUM 
CATHODE CUP 


IN THIS NEVITRON SINGLE 
ANODE MERCURY ARC RECTIFIER | 2 a/ 


1 \ 
t 


Sa by the courtesy of the Nevelin Electric Co. Ltd. 


@ Write to Murex Limited for information 
on fabricated molybdenum parts. 










is supplied to Nevelin Electric Co. Ltd., the manufac- 


turers of the unit, by Murex Limited. This is anexample 





of the many types of molybdenum spinnings which 
are being fabricated for the electrical and 
electronics industries from pure molybdenum 
sheet made at our Works 


at Rainham. 


ILLUSTRATION OF CUP & 


ACTUAL SIZE Ne . 


MUREX LTD (Powder Metallurgy Division) eo. . “ cg x 
RAINHAM °< ESSEX °* Rainham, Essex 3322 ®& ee * , 6 ®, 


London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1 ° EUSton 8265 
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| “WEARITE Ferrograph 


RECORDER SHRUNES WDC, 


A simultaneous 
dual-channel 
Recorder/Reproducet 


... Offering special facilities to those 
engaged in analysis problems in the 
medical, aeronautical and scientific 


fields. 


Besides the fairly normal ability to 
record time pulses on one track and 
intelligence on the other, it will 
become immediately obvious that 
comparative measurements, stereo- 
phonic sound and indeed any two 
activities capable of translation into 
electrical phenomena within the fre- 
quency and phase shift limitations, 
can be recorded and played simul- 


taneously. 


It is also possible easily to convert 
the equipment for endless loop work- 
ing so that the last few minutes of any 
activity are recorded for ultimate 


continuous replay and analysis. 


WRIGHT & WEAIRE LTD 


13] SLOANE STREET «- LONDON 
































Telephone: SLOane 2214/5 and 15i0 
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Ne Mn UJ ~ D 0 VOLTAGE SELECTORS 


Two types of voltage selector panels for mains voltage adjustment. Both types 
have three-pin plugs which connect pairs of contacts to one common contact 
for the simultaneous adjustment of two transformers or circuits in parallel. 


| 4-WAY- 





BVS/4 Moulded in P.F. 
Escutcheonis Black SRBP 
Sheet with “standard” 
voltage range engraving 
as follows :— 


200 210 220 230 
210 220 230 240 


Non-standard marking is 
available to special order. 





Victoria Works, Ashtead, Surrey. Tel: Ashtead (Surrey) 3401 





XVS/6 Moulded in 
Nylon P.F. 

No “standard” marking. 
Engraved according to 
requirements. Please spe- 
cify required marking on 
order. 


| 6-WAY 














0,2, 


RECORDING GALVANOMETERS 


Range immediately available :— 
0-40, 0-65, 0-130, 0-250, 0-1000 & 0-2500 cycles/sec. 


A plug-in type mirror galvanometer is now 
available to suit most types of photographic 
recorders. Primarily designed for the Aircraft 
Industry, their inherent stability makes them 
suitable for the recording of any physical 
dynamic quantity. 


For information of our range of instruments for 
the measurement and recording of vibration, 
strains and pressures, write to .......4+ 


NEW ELECTRONIC PRODUCTS 


9 NEW CAVENDISH STREET ° 
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* Registered Trade Mark 


in the ELECTRONICS INDUSTRY 


NICKEL 
‘GFA’ nickel for anodes, plates and other electrodes. 
‘Gassy’ nickel for terminal pins. ‘O’ nickel for sleeves 
of indirectly heated cathodes. ‘HTC’ nickel for resist- 
ance thermometers. ‘HPA’ and ‘HPB’ high purity nickel 
for cathodes. 

MANGONIC* ALLOYS 
Nickel-manganese alloys for electrode support wires, 
grids, etc. 

BRIGHTRAY* ALLOYS 


Resistance Materials for all types of electrical resistors, 
heating elements. 


FERRY* 


Nickel-copper alloy with low temperature co-efficient of 
resistance. Suitable for instrument resistances. 


NILO* SERIES 


Nickel-iron alloys with controlled expansion properties. 
For glass/metal seals. 


NI-SPAN C* 
Constant modulus alloy for springs. 


THERMOMETAL* 
Thermostatic bimetals for temperature-control devices. 


JAE METAL* 
Nickel-copper alloy for magnetic shunts. 


Full information on these materials is contained tn our technical 
wee, bulletins. Write for free copies. 


HENRY WIGGIN AND COMPANY LIMITED wiccIN sTREET - BIRMINGHAM . 16 
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ILICON 
HIGHEST PURITY— 


AND OTHER RARE EARTH METALS 
ALLOYS, DIODES & TRANSISTORS 





SOLE UNITED KINGDOM CONCESSIONAIRES FOR 
SEIKO TRADING COMPANY, OSAKA 


(World distributors of K.K. Nippon Seikosho Products) 


MERCANTILE HOLDING & TRADING 
CO. LTD. 


Blomfield House - 52 New Broad St. 
LONDON - E.C.2 


Telephone : London Wall 5951-3 Telex : London 8520 
Telegrams :— 
(Inland) MERCTRAD, PHONE, LONDON 
(Foreign) MERCTRAD, LONDON 





























ROUGHING VALVE 


WATER COOLED 
BAFFLE AND FINE 
PUMPING VALVE 


BACKING VALVE 


DIFF PUMP 


ISOLATION VALVE 





Fully automatic and 
protected pumping plant 


for sequence pumping 





Send your enquiries to: 


N.G.N. ELECTRICAL LIMITED 


74 NASSAU MILL - PATRICROFT - MANCHESTER 
x ' TELEPHONE: ECCLES 1643 
DESIGNERS & MANUFACTURERS OF HIGH VACUUM EQUIPMENT 
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Quartz 
Crystal 
Goniometer .. . 





For the production of high quality piezo- 
electric crystals it is necessary that the quartz 
blanks should be cut in a specified relationship 
to a given atomic plane and to a high degree of 
accuracy. This may be done simply, quickly 
and accurately by X-ray diffraction methods. 
The Hilger Quartz Crystal Goniometer was 
specially designed for this work. A few of its 
outstanding features are as follows : 


1. Reading of angular measurement 
with an accuracy of 30 seconds. 


2. Interchangeable crystal mounts 
for uncut quartz and finished 
blanks. 


3. Easy reading of angle by optical 
scale projected on screen. 

4. Reflection peak readings read 
direct from intensity meter 
mounted on apparatus. 

5. Fine focus X-ray unit giving high 
intensity X-ray beam from a focus 
0.04 mm. diameter. 


6. Extremely sharp and narrow re- 
flection peaks. 
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Please write for catalogue CH 381 
(E4) for further information. 


HILGER & WATTS LTD. 


98 St. Pancras Way, London NW1 


Member of the Scientific Instrument Manufacturers’ Association 
and of SCIE¥ 
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Recording transient phenomena 








“GEOCH 


makers of 


CONTROL PANELS | 
and CUBICLES, 


Up to 
> y 








BACK of BOARD 
SWITCHES | 





























INDICATOR | — 
LIGHT FITTINGS | an 
Watertight | 5, el 
SOCKETS and PLUGS, reine ~ =~ 
etc.,” etc. oe 
‘ | eo ae we 3 . 
Registered B, dl Due \ ae 
27 K.V.A. Control Panels Est'd 1832 | ES ~S S 
for Ministry of Supply | e . a Phe 
( h n our Stand Tr 3 | bl . , 
py "Electrical Gealsiaaie en | Va r i a e § *s 
A.S.E.E.) Exhibition). : eres 
We are also exhibiting at | se 
B.I.F. Birmingham. STAND C515. | % Full deflection in 
24 milli-seconds 
| % Frequencies up | 





WILLIAM McGEOCH & CO. LTD. 
BORDESLEY, BIRMINGHAM, 10. 





to 90 c/s 








| 
! 
SETS Saris mR EN Syl Aor 8 NE Bid 5: | A range of instruments pioneered and developed by 
: | Kelvin Hughes which enables many high speed 
| transient phenomena too rapid for any recording, 
| except by cathode-ray oscillograph, to be instantly 
| presented in a dry and permanent form. 
| Either Teledeltos recording or an automatic non- 
| clogging ink system may be used with the single 
Specialists in Subminiature Telecommunication Components | channel instruments ; 7-channel units are supplied 
| for ink operation only. 
| Thoroughly robust in construction and insensitive to 





AIR | external vibration, Kelvin Hughes recorders have 
DIELECTRIC | many industrial applications including the recording 
of mechanical strains and rapid temperature changes, 

TRIMMERS the study of rapid chemical actions, measurement of 
70pF | rotational speeds, the study of automatic sequences, 

| force and current measurement in welding machines, 


and use as a high-speed chronograph. 


A brochure and further 
information will be gladly 
sent on request. 


>KEH> 


Illustration (approx.) 
actual size 





(Type approved Cat. A No. 464.) 








12 Vane type, 500 V. Insulation 10,000 megs. 





Width 16-5mm. Power Factor less than -001 
é Length 22mm. Temp. Coeff.: 50 parts per 
i Height 19mm. million, per °C. High-Speed 


KELVIN HUGHES 


SPECIALISTS IN INDUSTRIAL MEASUREMENT 


DEVELOPMENTS CO. LTD. KELVIN & HUGHES (INDUSTRIAL) LIMITED 
ULVERSTON NORTH LANCS § 7e/. Ulverston 3306 2 Caxton Street, London S.W.1. 110 Bothwell Street, Glasgow, C.2 


KH a2 
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operation 





e Daylight loading 
e Viewing of screen whilst recording 
e Lenses from f/3.5 - f/1 
e Indication of remaining exposures 
e Adaptation to popular oscilloscopes 
e Shirley-Wellard cassettes 


e Manual shutter operation for beam switching 


Manufactured by 





55mm. OSCILLOSCOPE CAMERA 
for single shot 








Single shot and continuous 


film oscilloscope cameras 






Composite instrument 


cameras 








High-speed, special-purpose 


THOMPSON LTD. 


Yo t-lelatileme: taal tet) 








J. LANGHAM 
JLT BUSHEY HEATH - 


Telephone : Bushey Heath 2411 
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HERTS, ENGLAWD 
* Grams and Cables : “Tommy Watford” 
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85/10 


SMAF BN 41404 


ONE Signal Generator 


AM: FM ° VIDEO 





MODULATION ! 
RANGE................. 4-300 mc in 8 bands 
ra 0.05 nV to 50 mV 
AM Internal............. 1000~ 0-80% 

External... 30~/100 kc 0-80% 
FM Internal.......................... 1000~ 

External.................... 30~/20 ke 
Deviation... 0-100 ke 
VIDEO External... 0-6.5 Mc 
ata les set hinl Roe en Oe ‘sesame fed GB 
i ithcatie Udaseiietickiae Sacco spate 10 to 100% 








COMBINED AM/FM by using Internal 
AM, External FM or vice versa 


Type SMAF BN 41404 illustrated AVELEY ELECTRIC wv. 
is one of 24 Signal Generators Pp arses ROAD, AVELEY, ESSEX 
London Office: 44 Tottenham Court Road, W.1 


covering the Range 


2 eycles to 5000 Mc/s U.K. Concessionaires for Rohde & Schwarz, Munich 
Telephone : LANgham 7097. Telegrams : AERSALE, WESDO, LONDON AVELFY ESSE* 















‘EVERLOCK 
washers 
pen steel 
springs 

and 


coils by 


BAKER & FINNEMORE LTD - 197-207 NEWHALL STREET - BIRMINGHAM - 3 


TELEPHONE: CENTRAL 2838 
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c! No Svcd 
THING 
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DIFFICULT 
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SAVAGE 





This is the name usually associ- 
ated with the discerning customer 
who always appreciates the qual- 
ity and service by which we have 


gained our reputation. 


ohsrOhe, 


— 
OVC: GE jij DEVIZES 


“mie? 


WAVATS 











NURSTEED ROAD - DEVIZES - WILTS 
Telephone: DEVIZES 932 


ELECTRICAL AND MECHANICAL 


COUNTERS 


COMPANY 
LIMITED 
MILLTOWN STREET 
RADCLIFFE 
MANCHESTER 
RADCLIFFE 2675 





c.w. 2864 








THE UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


ATOMIC WEAPONS RESEARCH ESTABLISHMENT 
ALDERMASTON, BERKS and FOULNESS, ESSEX 
REQUIRES 


EXPERIMENTAL OFFICERS and ASSISTANT EXPERI- 
MENTAL OFFICERS to carry out the following duties :— 
1. (538/WGE/42) Research and development work on electronic 
instruments used in the observation and measurement of high 
speed transient phenomena. The equipment includes high speed 
oscillographs, wide band amplifiers and high speed counters. 
Experience in radar circuitry, U.H.F. and V.H.F. problems and 
the use of the above equipment will be of value. 

or 
2. (539/WGE/42) Measurements of physical phenomena by 
electronic and/or photographic means. Experience in the 
following fields will be of value :— High vacuum, high voltage, 
spark phenomena, Radiac instruments, vibration or displacement 
measurements. 

or 
3. (540/WGE/42) Research and development work on the 
application of electromechanical devices to control systems, 
arming devices, etc. 

The minimum qualification is Higher School Certificate 
(Science) or equivalent. For some posts a degree in electrical 
engineering or physics is desirable. For Experimental Officer 
posts experience in the above or similar type of work will be 
required. 

SALARY. Experimental Officer (Minimum age 26) £775-£945 
(male) p.a. 
Assistant Experimental Officer £310 (age 18)-£685 
(male) p.a. 

SUPERANNUATION. The successful applicants will be required 

to join the Authority’s contributory scheme. 


HOUSING. Housing accommodation will be available within 
a reasonable period for married officers taking up duties at 
Aldermaston who live outside the radius of the Establishments 
transport facilities. During this period lodging allowance may be 
payable. An initial period of detached duty at Fort Halstead, 
Kent, may be necessary in some cases. 


a— og for application form to Senior Recruitment Officer, 
A.W. , Aldermaston, Berks. Quote appropriate Ref. No. 
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PRODUCTS ) 








Fox a quarter of a century we have been supplying Eyelets, 
Solder Tags, Terminals, Flat Brass Strip Wires for Capacitors (with 
or without the eyelet combined), Valve Top Caps, etc., to the Radio 
and Television industry, and numerous TUCKER products are now 
standard components throughout the trade. 


We now welcome enquiries from the ELECTRONICS INDUSTRY 
for small metal pressings or piece parts, and willingly place at the 
disposal of its designers and research staffs the resources of our 
Technical Department and our many years of experience in this type 








of work. 
Geo. TUCKER EYELET Co. Ltd., Walsall Rd. BIRMINGHAM 22 
Telephone: BiRchfields 5024 (7 line:) Telegrams: EYELETS.BIRMINGHAM 








V.1.A. HIGH VACUUM FURNACE 


Gives scientific control of metal processing 










Within the range of V.I.A. High Vacuum Furnaces 
are sizes for production melts of 1,000 Ib. down 
to small scale laboratory melts. Their use 
ensures.success in melting, sintering, casting, 
annealing, heat treating and production of 
pure metals and alloys. The small resistance 
heated laboratory furnace Type F2 illustrated, 
can be converted rapidly to induction 
heating, or used for high vacuum evaporation. 


FOR METALLURGICAL RESEARCH 
AND PURE METAL PRODUCTION 


Specialist manufacturers of industrial vacuum 
equipment—consulting service to industry. 





VACUUM INDUSTRIAL APPLICATIONS LTD + WISHAW + LANARKSHIRE 


4 
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Technical Control 


Close technical control of production is an all- 
important factor in the manufacture of Telcon 
Metals. Accurate tests and measurements are 
made at various stages in the course of production 
and the illustrations show two of the many routine 
examinations conducted in our well-equipped 
laboratories. 





Routine Factory testing of Mumetal 
toroidal cores. 


Precision measurement of magnetic 
characteristics of toroidal Mumetal 
cores by the Ferrometer. 





MAGNETIC ALLOYS— Mumetal, Radiometal, H.C.R., 
Rhometal, Permendur, R2799, 36/64, Dust. 

RESISTANCE ALLOYS — Pyromic, Calomic, Telcuman, 
Telconstan, Telconal. 


SPECIAL ALLOYS — Thermostatic Bimetals 140, 400, 15, 
Telcoseal, Invar, Beryllium-Copper. 


The Telegraph Construction & Maintenance Co. Ltd 


Head Office: 22 Old Broad Street, London, E.C.2 
Telephone: LONdon Wall 7104 


Enquiries to: Telcon Works, Greenwich, London, S.E.10 
Telephone: GREenwich 3291 











ELECTRONIC ENGINEERING 


20,000 volts stabilized 
—for only £29-15-0 


The Brandenburg PA20 high voltage generator 
provides a supply variable from either 17 kV. to 
20 kV. or 14. kV. to !7 kV., with a regulation of 

1% against mains variation of 5% and load 
variation of zero to 200 pA. Fitted with EHT 
output current measuring jack for use with 
moving coil instrument to facilitate breakdown 
testing, CRT testing, experimental X-ray tube 
investigation and many other applications, with or 
; without ancillary equipment. 


Guaranteed !2 months 


Teleonics 


communications | Ltd. 
196 Dawes Road, London, S.W.6. Fulham 1534 


APRIL 1955 








erEnTEs POLARIZED RELAYS 


l have these outstanding features 


HIGH OPERATIONAL SPEED * HIGH SENSITIVITY 
FREEDOM FROM CONTACT REBOUND 
NO POSITIONAL ERROR * HIGH CONTACT PRESSURES 
EXCEPTIONAL THERMAL STABILITY * EASE OF 

ADJUSTMENT * ACCURACY OF SIGNAL REPETITION 
The Carpenter Polarized Relay will respond to weak, ill-defined or 
short-duration impulses of differing polarity, or it will follow weak 
alternating current inputs of high frequencies and so provide a contin- 
uously operating symmetrical changeover switch between two different 
sources. Five basic types are available with a wide range of single 


and multiple windings. Particulars of the type best suited to your 
purpose will be gladly supplied if you will send us your circuit details. 


Manufactured by the sole licensees 


TELEPHONE MANUFACTURING CO. 


LTD 


HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2! 


“il Contractors to Governments of the British Commonwealth and other Nations 


Telephone GIPsy Hill 2211 














COAX PRECISION CONNECTORS 


Betler on lf COUNTS 





e design 

@ machining 

® performance 
@ price 

e delivery 


The most comprehensive range of 


U.S. CONNECTORS outside the U.S.A. 


€OAX Connectors 
€O-AX Cables R.G. Cables 
Microdual drives 


TRANSRADIO LTD. 138ACromwell Rd. London SWZ. reesss1 











Spam) Rete | ALACRA, PO ROE e 


A LOW 


“ULT 


capacitance 4 attenuation 


38 STOCK TYPES ic; 
for your 
STANDARD or SPECIAL 
APPLICATIONS 


U.G. CONNECTORS-R.G. CABLES 





* TRANSRADIO LTD. 1384 Cromwell Rd. London SWZ. reésae1 
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Jinsley 
Precision Jest Gear 





A°C° STABILISER 


Dr. G. N. Patchett’s design 


@ Input : 220V +10% 
@ Output : 220 or 6.3V or as required 
@ Stability : Output +0.01°% for Input +8%, 

@ Load : 320-400W. Unity to 0.85 pf (lag) 

@ Frequency : 40-60 cps. 
2 Response Time : 5 cycles 

@ Low Distortion—no saturable reactors 

@ Size : 18” x 94” x 93” 


@ Weight : 27 Ibs. 


Other models can be supplied to operate at 400 c.p.s. 
Also high precision types. Write for full particulars 


H. TINSLEY & CO. LTD. 
WERNDEE HALL. S.E.25 . TEL. : ADD 1400 


AND ST. JEROME P.Q. CANADA 
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Wherever 


specialised work X 


is required in ~ 
the production of... ~Y 


Pressings, Components, 
Cabinets, Cable Boxes, 
Transformer Tanks, 
Engine Beds, Chassis 
Assemblies and Steelwork 
of every kind — our 
extensive experience 
enables us to fulfil the 
most exacting specific 


requirements. 


We are always pleased to 
receive enquiries and to advise on any 


Specialised Metal Fabrication without obligation. 


SPENCER & SONS 





(MARKET HARBOROUGH) LTD. 


Metal Fabrications, Pressings and Steelwork 


GREAT BOWDEN ROAD: MARKET HARBOROUGH :LEICS. 
Telephone: 2651/2 
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NOW — Infra-red analysis enters a new phase with 


the development of this Mervyn engineered instrument 
using Merton—N.P.L. diffraction gratings. 


Here is the long awaited high resolution instrument 
for the 1u — 4u region. Of great stability, it reads 


percentage transmissions direct. 


USING A COMPLETELY NEW 
ELECTRONIC COMPENSATING SYSTEM 


This versatile instrument is compact and 
simple to operate. Has many applications in 
the manufacture of petroleum products, plastics, 
detergents, pharmaceuticals and other processes 
where the high cost of contemporary equipment 


has restricted the use of Infra-Red techniques. 


Send for full information to: Dept. IS/5 


~ MERVYN INSTRUMENTS 


JOHN’S, WOKING, SURREY. 
Telephone : WOKING 2091 

















A. V. ROE & COMPANY LIMITED 


have the following vacancies in the 
Electronics Laboratory at Greengate :— 


(a) Technicians are required who possess a Degree 
in Physics or Electrical Engineering for work on 
the development of Electronic Computing 
Equipment for use in the Design Office. The 
Electronics Department is expanding and is 
likely to take in many diverse fields of develop- 
ment. Preference will be given to applicants 
who have had some practical experience. 


(b 


~— 


Technicians are also required who possess an 
Honours Mathematics Degree for work in 
connection with programming Digital Com- 
putors which will involve the breaking down of 
differential equations of the type met with in 
aircraft structural analysis into forms suitable 
for arithmetical analysis. 


Applications stating full details of age, qualifications . 
and experience should be addressed to the Labour 
Manager :— 


A. V. Roe & Company Limited, Greengate, 
Middleton, Manchester. 














ret Sanam asian 
a 


EVERY DRAWING.... 
| .... at your FINGERTIPS 


NO frustrating time wasting searching through 


piles of drawings. 


’ 
STORE: IMMEDIATE 


LOCATION and 
Withdrawal 


Visual indication 
shows whether 
drawing is ‘‘in 
store’’ or ‘‘in 


* 


ECONOMICAL 
IN FLOOR SPACE 


Example : 1200 to 
6000 Antiquarian 
size drawings 
stored on a floor 
space 33” deep x 
37” wide. 
















































(Patent No. 588335 and Pats. applied for) * 


Write for full details to :— 


JAMES H. RANDALL & SON, LTD. 


(Dept. E.E.4.) Paddington Green Works, London, W.2. 
AMBassador 166! (6 lines) 
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Symons Silicone Insulation 


for Class H working 
RESISTS BOTH EXTREMES OF TEMPERATURE 


“SYMEL.” silicone elastomer products can be used continuously 
at temperatures from —60°C to + 180°C without deterioration. 


“SYMEL” extruded silicone elastomer sleeving is available in 





sizes from .5m/m to 25m/m bore. Being completely 
homogeneous, it is moisture-proof, with good electrical 
properties in humid conditions. 
*“SYMEL.” silicone elastomer coated glass and ‘“‘Terylene’’* are 
manufactured in thicknesses from 
0.0045” to 0.060”, and are supplied as semi-cured or cured tapes, 
coated on one or both sides. 
Please write for technical data sheets. 

*The name “Terylene’”’ is the property of | 


I.C.I. Ltd., and is the name given to a 
particular Polyester fibre. 


For tested flexible insulation—say SYMONS for sure 


SYMONS’ 
ADVISORY SERVICE 


H.D.SYMONS & CO.LT D. Reece 
» it to ur Test a 
e : yi ” Rana Depareinent will be pleased 


to advise you. 





PARK WORKS - KINGSTON HILL - SURREY .- Tel. Kingston 009! - Grams. Insulation (Phone) Kingston-on-Thames 

















The latest ‘‘ Electronic Engineering’ monograph 


RESISTANCE STRAIN GAUGES 


By J. Yarnell, B.Sc., A.Inst.P. 


Price 12/6 
(Postage 6d.) 


This book deals in a practical manner with the construction and application of 
resistance gauges and with the most commonly used circuits and apparatus. 
The strain-gauge rosette, which is finding ever wider application, is treated 
comprehensively, and is introduced by a short exposition of the theory of stress 
and strain in a surface. 


Order your copy through your Bookseller or direct from:— 


Electronic Engineering} 


28 ESSEX STREET STRAND, LONDON, W.C.2. 
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| 
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STEATITE 









for all high 


frequency applications 





















Over a century of ex- 
perience in this highly 

| specialised field. 

We invite your enquiries. 





Machined to special designs and fine limits. 
tion 


sed 


WILLIAM SUGG & COMPANY LIMITED 
VINCENT WORKS, REGENCY STREET, WESTMINSTER, S.W.I. — VICtoria 3211. 


whe, BARRYWAL D ‘secause - 


Maxuanl, — Safety Automatic Incinerator 

















*” It is manufactured by the 






| of a first and leading Sanitary 
senple depression Incinerstor Specialists in 
tary e World. 
sid 2a ald San ey It is teed f ear 
guaranteed for one y: 
| parte rator 20% a * and backed by a full service 
Incine tary towels» organization. 
destroys 8 4 ocuments, etc. * It is simple and cheap to 
a cal dressings: install, 
B P and vital It is the only Incinerator 
ves major Jems * incorporating our patented 
f Ir so se prob e safety devices. 
welfare stitu It is approved by The Royal 
factories. offices» WK institute of Public Health 
and Hygiene. 
tions, etc * It is regularly supplied to 
»phone today and approved by all H.M. 
Write or Pp 4 or Government Departments, 
f ted leafle Local Administrations and 
for jilustra Educational Authorities, 
101 Hospital Management Com- 
demonstra! mittees, General Industry. 











: ; ECONOMICAL 
: EFFICIENT 
: FOOLPROOF 
|  SANIGUARD APPLIANCES LIMITED INDISPENSABLE 
‘ 62, LONDON WALL, LONDON, E.C.2 Patents 555062-621085 
| Gelephone: NATIONAL 888! 8862 aiuto weracs’ ura rend ners 
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Picture Shift Magnets 
in 6% Chrothium Steel 


‘Eclipse’ 





[olaning of 





Partridge Type P3591A 
as used in 
Osram 912 circuit 


TRANSFORMERS ? 


TWENTY-ONE years specialist experience 
in the field of quality transformer design 
have put Partridge “ at the top.” 

Among those regularly specifying 

‘* Partridge ” for standard and special types 
are the National Physical Laboratory, 
B.B.C. and the Research Establishments of 


the Government and Industry. 


as Many of the prominent amplifier circuits including those 


published by the G.E.C. and Mullard Technical Departments 
employ Partridge transformers. 

Partridge can supply from stock all components for the 
famous Williamson Amplifier. 

All Partridge Audio Components are available in the potted 
mounting style for continuous operation with a large safety 
factor. 


OVER 100 STANDARD TYPES 


Be @ ee eB SB eB SB Se See eee eee ee 


r 
PARTRIDGE TRANSFORMERS LTD. 
TOLWORTH . SURREY . ELMbridge 6737 


Please send me details of the Partridge Range 
and units for special circuits. 


ADDRESS .....0cceccccevesssevcsccvcvscsseoeeees : 


' 

. 

‘ 

| 

‘ 

| 

' 

, NAME 
‘ 

‘ 

i EE 
a 

= 


Post the coupon for 
full details of the 
Standard Partridge 
Range and units for 
special circuits. 


aseeeeseseeeenenesaseaant 
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Radio & T.V. Industry 


Made by the makers of 


Permanent Magnet Chucks 





Permanent Magnets 


for the 


The very latest techniques in perman- 
ent magnet manufacture can effect real 
economies in your production and at 
the same time contribute further to 
efficient operation of your products. 
Consult our Technical Staff at an early 
stage of design to be certain that youare 


taking advantage of recent progress. 
Send for literature: 
Pub. PM108—Loud Speaker Magnets. 


Pub. PMi12—Permanent Magnets for Television 
Receivers. 


PERMANENT 


MAGNETS 












There are no finer 
springs than 
Springs by Riley 


SINCE 182! 


Q 
= 
Oo 
Cc 
wn 
e 
p 





ROBERT RILEY Ltd., MILKSTONE SPRING WORKS, ROCHDALE 
Phone : Rochdale 2237 (5 lines) Grams; ‘ Rilospring ’ Rochdale 
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ALWAYS ‘°* FIT ” This may be news to you but it is not 
: to thousands of satisfied customers ! 


eae 











CASTORS 


THE WORLD’S BEST 


Loads up to 30 TONS per castor. Wheel 
diameters from 2” to 46”. All types of 
wheels and head fittings can be selected 
from our range of over 


7,000 TYPES & SIZES 
ASK FOR BROCHURE 





| AUTOSET (PRODUCTION) LTD., Dept. 0, Stour St., B’ham 18 


EST. OVER 35 YEARS. EDG 1143 (3 lines) 


Please mention ‘‘ Electronic Engineering’ 
<4 AT2 

















o 











To all 
Instrument Engineers 


g AVOID COSTLY 
FABRICATIONS 
with these high class 


INSTRUMENT 


| CABINETS! | ft 

| A.unique range of extremely robust cabinets, designed STAND — instrumeNT MANUFACTURERS, please note that 
E 
" 


























by instrument engineers to give first-class appearance we shall be pleased to quote for quantities to non- 
for a very modest outlay. Cast aluminium frames ensure No. 310 standard dimensions to suit your instruments. 

that equipment is held rigidly and afford a maximum B.1.F Write today (mentioning this journal) for leaflet 
of protection against damage in transit. Any quantity oe se giving standard dimensions and details of two 
supplied, carriage free in the United Kingdom. Castle Bromwich outstanding cabinets. 


May 2nd—13th 
BOULTON PAUL ELEGTRONICS 


; Boulton Paul Aircraft Limited, Wolverhampton 
Telephone : Fordhouses 3191 (Ext. 99) 
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SPEEO UP your SOLDERING 


woth Wolf Zcac 


SOLDERGUNS and SOLDERING IRONS 









TYPE 21 
> 


gay 











TYPE 22 }. 
btainable from aii leading 
TYPE -_ tool merchants and factors. 


Fully descriptive Brochure 
TYPE 42 free on request. 


Unbeatable from every point of view, well able to withstand 
hard workshop treatment and ideal for continuous use. 
Features include rapid constant localised heat—solid sturdy 
construction—low current consumption—perfect balance 
—absolute dependability. A type and bit for every purpose 
from fine instrument to heavy industrial work. Each tool 
includes 5 feet tough rubber 3-core cable. 


WOLF ELECTRIC TOOLS LIMITED 


PIONEER WORKS * HANGER LANE* LONDON WS‘ Tel: Perivale 5631-4 
Branches: Birmingham - Manchester - Leeds - Bristol - Newcastle - Glasgow 





ELECTRONICS 


Electronic Chassis manufacture, and 
wiring for Industrial equipment, Test 
gear or sub-assemblies. 


UT TTT 


| VACUUM VARNISH IMPREGNATION 


Vacuum Varnish Impregnation to 
R.C.S. 214. Autoclave diameter 15” 


TRANSFORMERS 


For power distribution and Electronic application. 
Ranges from small Electronic types, up to 50 kVA, 
orthodox and C cores. I-Phase and 3-Phase Oil 
and Air Cooled Phase conversion, etc. Special 
types for Furnace and Rectifier Control. 


A...D. AND A.R.B. APPROVED 


YOUR ENQUIRIES ARE INVITED . 


AVIS &BAGGS in. 


GOSBROOK ROAD, CAVERSHAM, READING 
Phone : READING 71763 


Qevcvecseraneeseeseseseeees 
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for your 





PROBLEMS _ 


. ASSOCIATED STEELS 


am AND TOOLS Co. LTD. 


Wolverhampton 23818 Sedgley Street Works 
Grams: ‘‘Astco, W’ton”’ Wolverhampton & Sheffield. 











RELAYS P.O. TYPE 3000 





19, LANSDOWNE ROAD, CROYDON 


Phone CRO 0839 Telegrams : “WILCO” CROYDON 








BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 


QUOTATION BY 
RETURN 


RACKS P.O. STANDARD for 19 inch panels. 


Steel channel sides, correctly drilled, heavy angle base. Height: 
Mt. 10ins. or 6ft. or 7ft. Zins. 


KEY SWITCHES | 
PROMPT DELIVERY 
OF ALL TYPES 


MICROAMMETERS om rscnoon 


$37 33” FLUSH TYPE. KNIFE EDGE a SCALED FOR 








TEST METERS 


ELECTRO-MAGNETIC COUNTERS 


AS USED BY THE G.P.O. COUNTING UP TO 9999 


TYPE 9G. TYPE ITA 


<n 500 ohms 3 ohms 
ele 24/50 Vt. D.C. | 2/6 Ve. D.C. 


<2 \S/- Pest I/-| 15/- Post I/- 


MANY OTHER TYPES IN STOCK. LIST AVAILABLE 


L. WILKINSON (CROYDON) LTD. 
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RADYNE 


Remsmmeononensturion 


6.W. INDUCTION HEATER 


RELIABLE 
BUILT 








THE SIMPLEST, FASTEST & MOST 
EQUIPMENT OF ITS TYPE EVER 
FULL DETAILS FROM 


radio heaters ltd., WOKINGHAM, BERKS, ENGLAND 
Phone: Wokingham 1030-1-2 Grams: Radyne, Wokingham 













WILKINSONS | 


The 


Craftsman’s 


Choice 


eae 





PLIERS . PINCERS 
NIPPERS . PIPE WRENCHES 


WILKINSONS TOOLS LTD., Kerfoot St., WARRINGTON, 
ngland 
Xi. 
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THE SERVICE ENGINEER'S 
FIRST CHOICE 








PHIL-TROL SOLENOIDS 


Range covers types 41 and 
42 (front 1” x 1}*) 
38, 39, and 40 (front 
14” x 12”) and power 
A.C. and D.C. sizes up to 
60 inch-Ibs. 
Most sizes available ex-stock 
and dispatched same day as 
receipt of order. 


6 v.-460 v. A.C. and D.C. types 
WRITE OR PHONE FOR DETAILS 


PHILLIPS CONTROL (G.B.) LTD. 


Farnborough, HANTS. Telephone : Farnborough | 120 
London Office : 59/61 Union St., London, S.E.1. Tel.: HOP 4567 














A CAREER AS A REGULAR ARMY OFFICER 
FOR QUALIFIED ENGINEERS 


MECHANICAL, ELECTRICAL AND ELECTRONIC ENGIN- 
EERS are required as officers in the Corps of Royal Electrical and 
Mechanical Engineers. 

THERE ARE TWO METHODS OF ENTRY. 

These are either :-— 

(1) On a short service commission (which offers a 
good opportunity of obtaining a permanent com- 
mission) with a gratuity of about £100 for each 
completed year of service on leaving 

or 

(2) On a Permanent Regular Commission with a 
valuable pension and a terminal grant of £1000 
(tax free). 

Candidates must be physically fit and between the ages of 23 and 

28 years old (except for those with previous service in the Armed 

Forces, who may be 30 years old). They must have passed or be 

exempt from the examinations of either the Institution of Mechan- 

ical Engineers or the Institution of Electrical Engineers, or have a 

University Degree in Natural Science or Engineering. In addition, 

2) years experience as an engineer (or Ik years in the case of 

University graduates) is normally required. 

The pay which Army officers may expect is according to the 
following table :— 








Rank Normal Age If Single If Married 
Lieutenant ae 23 £686 £823 
Lieutenant 25 £723 £860 
Captain 27 £866 £1,005 
Major .. 34 £1,193 £1,330 
Lt.-Colonel 42 £1,512 £1,640 
Colonel 45 £1,795 £1,922 
Brigadier 49 £2,068 £2,187 


(Note.—This is the U.K. scale ; there are various additions 
in certain overseas stations. 

In this table the figures of a single officers’ pay include an 
element for food and accommodation which are normally 
provided in kind. This has been made to provide a direct 
means of comparison with civilian scales of pay.) 


Fox further details please write to :— 
The War Office (P.A.6 (b)), London, S.W.1. 


and quote this announcement. 
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, MATIC - 


For Quality Recording 
—Consult BRADMATIC 


<> 
7 


LTD. 





TAPE DESKS AVAILABLE 


Model 5D (taking up to [O}in. reels) ...... £50 0 0 
Model 5C (taking up to 9#in. reels)......... £47 10 0 
Model 5B (taking up to 7in reels)........... £42 0 0 


All with two speeds, 3} and 7} i.p.s. Twin track 
heads. Push button control. Three heavy duty 
motors. Three separately shielded heads. 


H.P. TERMS AVAILABLE 


HIGH FIDELITY SOUND HEADS 
Type S5RP (Record/play), £3/5/-. Type 6RP (super 
fidelity), £3/15/-. Type 5E (Erase), £3/5/-. Mumetal 
Screening cans, 8/6. Amplifiers, microphones. All 
types and sizes of magnetic tape. 


mS 
Vv 





Trade supplied. Send for Lists. 


BRADMATIC LIMITED 


STATION ROAD . ASTON . BIRMINGHAM 6 
Phone : EAST 2881-2 Grams : Bradmatic, Birmingham 


——_— ELECTRONICS, 
APPLIED TO INDUSTRY 


The many new applications of electronics makes it vitally 
necessary for all in Industry to have a sound working 
knowledge of this subject. We offer a new Self study 
course intended to teach the main principles of electronics 
and its chief industrial applications. Experimental work 
can, if desired, be carried out using equipment supplied 
with the course. 








Send for Free Brochure to: 


E.M.1. INSTITUTES, Dept. E.11, London, W.4 
An educational organisation serving the E.M.1. Group of Companies 
which include *‘ HIS MASTER’S VOICE ’’, MARCONIPHONE, ETC. 
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A Group of 
Magnifiers 
by 


GOWLLANDS 


LIMITED 
Morland Road, 
Croydon, Surrey 














MINIATURE 


Input, Output and 
interstage 


id TRANSFORMERS j 


We specialise in the manufacture of coupling transformers to 
customers’ requirements. An illustrated brochure describing 
the range of transformers we manufacture will gladly be sent on 
request. Illustrated above is a standard input transformer 
type ‘‘E”’ size |” x 3” x }” overall, available with varnish dip 
finish, encapsulated block form, or in mu-metal screening can. 


Quick delivery— low prices—maximum efficiency. 


JOHN BELL & CROYDEN, !!7 HIGH STREET, OXFORD 
Telephone : 47072 e@ Cables: Belclere, Oxford 














EXTENSIVE GROUND FLOOR 


FACTORY 
REQUIRED 


WITHIN 50 MILES OF LONDON 
FOR 


ENGINEERING & ASSEMBLY WORK : 
— PURCHASE OR RENT — : 


CHAMBERLAIN & WILLOWS 
23, MOORGATE, LONDON, E.C.2 


CITY 6013 (8 lines) i 


























ae ne 
Quantity production of small automatically made pieces in 
Steatite, Porcelain,.and Rutile materials for electric cooking : 
and heating equipment, and telecommunication apparatus. | 











GEO. BRAY & CO. LTD.., Leicester Place, Leeds 2. 
Tel. : 20981/9. Grams. : “ Bray, Leeds” 
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HUNTON will cut your press 
tool costs for ETION RU and 
PRE-P ION RUNS! 








THE UNIVERSAL BOLSTER OUTFIT 
USING STANDARDISED PUNCHES AND 
DIES FOR SHEET METAL PIERCING 
AND BLANKING ON FLY PRESSES 





STUDY 
THESE ADVANTAGES : 


@ Specialised range of Chassis Piercing 
and Forming Tools for the Radio and Electronics Industries. 
@ To get you started—standardised Punches and Dies }” to 33” dia 
in 1/32” sizes from stock. 
e@ = short notice, Standardised Tools for square, oblong and other 
shapes. 
@ Adjustable Gauges for exact location of work. Automatic and 
Positive Stripping of material from Punch. 
lf in London and Home Counties, ask for a practical demonstration in 
your own works, Alternatively, write for illustrated price List. 


HUNTON LIMITED 
PHOENIX WORKS, 114-116, EUSTON RD., LONDON, 
N.W.I. = Tel. : EUSton 1477 (3 lines) Grams : Untonexh, London 











EVERYWHERE in engineering 
from sensitive instruments to 
heavy presses y ° 


SCHNORR DISC SPRINGS  “**°* 


solve spring problems. 


Bly 
rw 
.~) % 


Sole British Distributors : 


INTERNATIONAL ENGINEERING 
CONCESSIONAIRES LTD. 

4-5 WILLIAM IV STREET, STRAND, LONDON, W.C.2 

Established 1938 COVent Garden 3366-7 











Here's a Bush.. 
That WON: WONT come out, 


With Snap Action Assembly 


Simple finger action iristantly assembles 

this bush, yet its design is such that 

it provides complete security. Non-metallic, 

high dielectric, fully tropical. Approved all 
services. Samples and literature on request. 


INSULOID MANUFACTURING 0. L 


SHARSTON WORKS, LEESTONE AVE,WYTHENSHAWE MANCHESTER 
Tel: WYTHENSHAWE 2842 





LOW PRICES INSTRUMENT CASES 


in Steel with light alloy panel. (18 G throughout.) 





Type ‘‘9”’ 8’x9’x8” 18/6 Type ‘‘9-12” 9°x12’x¥ 21/- 
Type ‘12’ 104”x12”x10}" 25/- 


Light = chassis in 18G with reinforced corners :— 


6x4x2}... 5/6 14x8x 2}... 13/9 10x8x 2%... 9/6 
6x8x24... 8/- 16x8x 24... 14/9 10x 9x 2... II/- 
10x7x2$... 9/- 6x5x2s... 7/6 14x9x 24... 14/- 
12x8x 2: 106 10x6x2$... 8/6 16x9x 2... 15/6 


High stability resistors in |, 2, and 5% available from stock or 
to order. 1% condensers also stocked in limited range. 


KENDALL & MOUSLEY LTD. 
18, Melville Road, Edgbaston, Birmingham, 16 














0 
ae sit to a comP 
sma 


by 10 
plated 
tities with silver or other precious 


Waveguides and other precision components 


NIC in large OF small quan- 


metals. 


are electroformed and a variety of metals 
are plated on 


Porcelain " 
aluminium, i » Plastics and 








Announcing the NEW 
Junior LeeRaser 


Neat, compact, and 
erasing 5 in. tape 
spools with the full 
efficiency of the well- 
known Standard and 
Senior _LeeRasers. 
200/250v. A.C. 
mains. 


Price £6. 5s. Od. 


LEEVERS-RICH 
EQUIPMENT LTD. 
78, Hampstead Road, London, 









N.W.I. EUSton 1481 
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dition to these Special] 


facilities 10 ONIC 
ave one o 
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gramme 
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Whatever your requirements consult 


IONIC 


IONIC PLATING CO. LTD. 


GROVE STREET, BIRMINGHAM, 18 
Phone : SMETHWICK 1876 (5 lines) 
The Metal Finishing Division of the G.K.N. Group of Companies. 
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BERYLLIUM COPPER 





awiillliz, 
CRINKLE:washers 
TILIA LAWS 


Heat treated and plated, giving corrosion 
resistance with high degree of recovery 
in relation to load, and resistance to 
“set”. Spring locking action suitable 
for electronic and instrument components. 
Size range }" to 8 B.A. 


Prices and samples sent on request. 





CONTRACTORS TO THE ADMIRALTY + mimistTRY OF SUPPLY © & OTHER GoveRNMERT OFPTS 








PROMPTLY 
ACCURATELY 
& EFFICIENTLY fom 


PRESCOTT MANFG. CO., LTD. 


SPENCER STREET, BIRMINGHAM, 18 
Telephone : CENTRAL 2933 














SPEARETTE 


TYPE W 


VALVE RETAINERS 
FOR 
MINIATURE VALVES 


SIMPLE — EFFICIENT 





SPEAR ENGINEERING CO. LTD. 
WARLINGHAM - SURREY 














INSULATING SLEEVINGS ... 


an See An aircraft’s performance ... 

POLYTHENE your car’s reliability... to- 

SLEEVINGS night’s Television and Radio’s 

INSULATED sound may depend upon effi- 
cient electrical insulation. 

WIRES AND 

FLEXIBLES Sats Rapuenee, 


PLASTICABLE LIMITED 
Hawley Lane <* Farnborough Hants. 
Phone: Farnborough Hants 85. 








We Specialise in... 
MAGSLIPS SELSYNS 


and other 


ROTATING COMPONENTS 


for 
AUTOMATIC CONTROL SYSTEMS 
Brochure available from :— 


Serve and Glectronic Sales Ltd. 


1, HOPTON PARADE, STREATHAM HIGH ROAD, LONDON, S.W.16, ENGLAND 
STREATHAM 6165 E.E.12 

















it to us . 


Whether it is straightforward sheet steel cases 

or the most complicated fabrication in any 

metal—the experience of half a century is at 
your service. 


RITHERDON & CO. LTD. 


Lorne Street, Darwen, Lancashire 
Telephone: Darwen 1028 





Established 1895 
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SOLENOID TYPE SC. 


Continuous 3 ozs. at }” 
Instantaneous to 39 ozs. 


100% PRODUCTION 
INSPECTION 


Larger Sizes Available 
Also Transformers 
to 6 KVA 3 Phase. 


& 
R. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL. Phone : 74065 


A. €. 

















POTENTIOMETERS 


Wire-wound and Composition 
types. Single, Ganged, Tandem 
Units. Characteristics : linear, 
log., semi - log., non - inductive. 
etc. Full details on request. 














RELIANCE MNFG.,CO. (SOUTHWARK), LTD., 


SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOW, E. 17. 
Telephone : Larkswood 3245 








STEVENAGE RELAYS Lip 














@ Manufacturers of Type 3,000 relays with 


contacts and windings to customers 
requirements. 

@ Designers of relays to meet special 
requirements. 


@ Noused orsecond hand materials employed. 


For particulars apply : 
48 DOVER STREET, LONDON, W.1 


Grosvenor 1716 



















CUB it 
NON-FERROUS 
CASTINGS 


FOR THE 


ELECTRICAL 
INDUSTRY 






















Sandwell Castings are in- 
corporated in many of the 

st known products 
throughout the Electrical 
Industry. (Illustrated is a 
typical Sandwell Casting 
used in Reyrolle 132 kV. 
3,500-MVA. air-blast cir- 
cuit breakers), When next 
you require precision non- 
ferrous Sand Castings, 
a = a or 


: Pressur Castings 

LET SANDWELL QUOTE. You 
will find our prices keenly competitive 
and deliveries prompt. 


ILLUSTRATED LITERATURE ON 
REQUEST. 


THE SANDWELL CASTING CO. 


BANK STREET FOUNDRY, WEST BROMWICH. 
Tel: STOnecross 2231 (4 lines). Grams: “REPCAST” West Bromwich. 


PRE-SET CONTROL LOCK 


Designed to lock the spindles of 
pre-set potentiometers or 
trimmers withdut rotational or 
lateral displacement of shaft. 
Will accept wide range of panel 
thicknesses. 


TYPE P 





TYPE C 
Very attractive 
appearance for 
panelmounting. SE a A ow 


LEAFLET L3 





Ww 





SUTTON COLDFIELD ELECTRICAL ENGINEERS 


CLIFTON STREET, SUTTON COLDFIELD. Phone : 5666 








INSULATION 


Tapes ; Varnished 
Sleevings ved Slee Gia ‘Cacuuien 
H ‘apes, W. jleeving 
Compound ; Adhesive and Rebben Tapes. 


PRESSPAHN, LTD. 


Bradford, Yorks, England 
Established 1900 









aectSTEng, 





“Lecraica* 

























Telephone: ELIsTEA) 
Bradford 25135 (Pvt. Br. Ex.) : wnsULATIo, 
Telegrams 4 Cables :, @ag ; net 
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Deep tapped Holes 


PRECISION 


PATENT SERRATED 


Anchor river Bushes 


“en ‘b, . 
Manufacturers of all kinds of “2 
products use this method of Shep, a 
fastening to metal sheets and panels. Note af 
the serrations on the finely tapered 
shank — these cut their way into the 


sheet and prevent the bush from rotating 





in the panel. 


Ask for Illustrated Leaflet 155 










STAFFS. 





THE PRECISION SCREW & MFG. Co Ltd UNION STREET + WILLENHALL 
Telephone: WILLENHALL 621 & 622 


pee sod PARSONS 


A. C. STABILISER 
NEW & IMPROVED MODEL 














% Even greater constancy of output voltage than with 
earlier model. 


% Increased output—up to | amp. 


% Safety device incorporated to avoid any dangerous rise 
in output voltage in event of failure of any part of the unit. 





PERFORMANCE DATA 
STABILITY. +0.05% for input voltage changes of at least ye Optional provision of voltmeter and ammeter to measure 


+10% at all loads and for normal frequency variations. 
17 st Within +0.1% for changes from no load to 
full load. 


WAVEFORM. Total introduced harmonic content within ili ili 
Sa Gaudi bebaed aks cae meenen ovate. % Stabiliser can be adapted at small cost to stabilise the 


input and output voltages and output current. 


REACTIVE LOADS. Above performance maintained for loads radiation emission from light sources such as filament 
of P.F. from 0.8 to unity, lagging or leading. 

INPUT VOLTS. (Nominal) 210, 220, 230, 240, and 250, switch lamps and Nernst filaments. 

selected, 


SIR HOWARD GRUBB, PARSONS & COMPANY 
WALKER GATE, NEWCASTLE UPON TYNE, 6 
PROPRIETORS: C. A. PARSONS & COMPANY LIMITED 
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No sales statt 


PRODUCTION is our business—reliable, economic, and timely production. At 
present we are handling some 20 individual sub-contracts for a dozen of the most 
internationally-famous concerns in electronics and telecommunications. One of the 
largest of these firms has been using our services continuously for seven years ; one 
job alone, which we recently started, will occupy 60 top-grade precision wirers for 
many months. 

We have no technical sales staff, but we will gladly send to interested works execu- 
tives for leisured* study a photographic record showing the facilities we can offer and 
some of the high-quality jobs we have carried 

out. Long or short runs, big job or small— 


BROXLEA 


PRODUCTS 
LIMITED 


A.I.D.-approved sub-contractors 


We can do it! 


* Leisure—if any ! 
; HIGH ROAD, BROXBOURNE, HERTFORDSHIRE 


PHONE : HODDESDON 3091/2 
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Thorough insulation impregnation by alternate vacuum 


and pressure cycles demands the rigid exclusion of 
moisture from the system by BIRLEC LECTRODRYERS. 
BIRLEC LECTRODRYERS are applicable to a number of 
electrical applications including the dry blanketing of 
transformers during assembly, the dry storage of delicate 
components and insulating material and the drying of 
gases for lamp filling, electrode annealing etc. 


A selection of capacitors for fluorescent lighting equipment and 
— units which are vacuum impregnated faster and better by 
installation of a Birlec Lectrodryer. (Right) Two special Lectro- 


dryers designed for working in conjunction with an insulating 


impregnation tank. 
Both 


th photo —_ ee cop outentad by kind permission of the British 


a 


Please send me details of LECTRODRYERS for electrical 





"a [iP ewes sae 
@m/8.2 


DRYER DIVISION OF 


BIRLEC LTD 


ERDINGTON 
BIRMINGHAM 24 


all Member of the A.E.I. Group of Companies. 





Printed in Great Britain by The Press at Coombelands, Ltd., Addlestone, Surrey, for the Proprietors, Morgan Brothers (Publishers), Ltd., 28, Essex Street, 
Strand, W.C.2. Registered for Tranemission by Canadian Magazine Post. 





























Illustrations actual size 





Capacitance Range |Wkg Volts 
dal D.C. 





0.5 - 5 1- 8 500 





500 





350 





3115 : 750 





1.5— 6.5 750 


\ 3116 2:75-15 3.3-22 E 


| 
§ RI BE Keststor Registered Trade tLe 


Carlisle Road, The Hyde, London, N.W.9., England. Telephone: COLindale 8011. Factories: 
London and Great Yarmouth, England; Trenton, one Canada; Erie, Pa., and Holly Springs, 
Miss., U.S.A. 
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are you fighting space? 


connect 
with 
cannon! 


wells 
* <A 


first in connectors 
CANNON 


Write fcr Cannon Miniature and Sub-Miniature Bulletins 


CANNON ELECTRIC CO. (Gt. Britain) LTD., 138, Wardour Street, London, W.1. 


Factories in Londen, Paris, Los Angeles, East Haven, Toronto, Melbourne, Tokio, 





